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accurate c contour - maps directly from aerial photographs. © ‘The process discussed — 
is the product of research and development since ‘the World ‘War. Some ee 
important elements of the ‘problem are stated, followed by a brief ‘exposition of 
“the means adopted fora solution, to ould ovig of 
graph ‘and number of ‘distance measurements for each survey. The 
old methods. Their accuracy often exceeds that of comparable ground surveys. 
advantages in ‘making maps of large areas for engineering studies and prelimi- _ 
a nary locations, particularly in country of bold relief and considerable growth of cule 
is a new resource of the surveyor and, 
quent with new processes. On the other hand, scope ; been widened 


ee object « of this paper fs to acquaint engineers with a method ee i 
+The control needed is confined to a few | ground. elevations { for each photo- 
r. _ resulting maps are available in a fraction of the time n necessary ‘for surveys by ¥ 
method is applicable to a wide range of conditions. It offers marked 
maker r. Extravagant claims ] have doubtless been made. for it, as is not infre- 


~ and its use adopted ‘sufficiently + to indicate that it has come to stay. Its limits 


are | reached... future mapping the use of 

be of aeroplane, the rapidity and detailed record ¢ of the camera, — a 


a! ‘ mend vant fo roce r 
od suggest t t to any, engineer tremend ous ad tages for a proc 288 by which accurate — 
topograp ic maps can be produced trom aeria -photograp s, with r elative 
o little instrumental ground measurement required for control and correction o 


q the pictures, photographs themselves cannot ordinarily be used as maps, 


a?! 


‘beeause of ‘the variation in ‘Particularly i in country having any sub 


Pie stantial relief, the horizon al scale of pictures varies to an extent not per- af 


ar Nots.—-Written discussion on this will be closed in ‘August, 1926 


bia, the paper, with discussion in ful ill 
og Civ. Engr., Day @ Zimniermann, fac. Phitadsiphia; Pact ot 


_.¢ Report. of September 30, 1919, to the President by Conference of Representatives vot 
Map-Making Organizations, including W. M. Black, Maj-Gen., (Retired), 
Soe. C. E..(then Chief of Engineers, U. 8. A.), William. Bowie, “Soc. Cc. E,, 

Division of Geodesy, U. S. Coast and Geodetic Survey, George Otis Smith, “Director, 
U. §. Geological Survey, A. P. Davis, Past-President, Am. Soc. C. BE. (then Director,. U. s. 
- Reclamation Service), Thomas H. MacDonald, Chief of Bureau of Public Roads, O, C, Merrill, 
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ag is new, in surveying 

‘wae Most engineers have some acquaintance with the. theory, i if not the 

"practice, of the ‘photo- theodolite. Records are available of the scientific of 
photography i in surveying as s early a as 1850. European army officers at that time ; 

use of the camera _ Somewhat after present manner of using the eq 

transit. At the end of ‘measured base lines, pictures were taken on vertical > 
planes, and the angles between base lines and optical axes determined, thus 
_ locating objects | by triangulation. Photographs were later made from balloons, — 


3 some by cameras having several lenses and picture planes ‘simultaneously — 

d, so as to record more information, and supply some check on the posi- 
Developments of the. World War revolutionized the use of aerial pho- 
tography. _ The changes were so radical in their nature and the uses so extensive — 

aa as to give the concept of something wholly new. André Carlier, Président de 

PAssociation Francaise Aérienne, is authority for the statement that, during 

the last years of the war, 80% of. the information about the enemy was due to | 
ae An important war development was the mosaic of aeroplane photographs. A 
series of views were pieced together to form a battle map, constantly subject to 

by. a flow of new photographs showing everchanging details. 

Ee cae . After the war, attention was soon directed toward the , development of peace- 
- ful uses for this new resource. *. umerous manufacturers engaged in the com 


mercial production of photographic mosaics. _ Because of the rapidity with 


_ which they can be obtained and the v vivid conception they give eof a large area, / 


have many uses. A mosaic, however, i is subject to severe scale variation, 
artioularly where it covers ground of marked relief. == 


efforts have been made to bridge the gap between ee and 
method is to ‘use the ‘picture: for ‘what it is worth a a step in 
old methods. “Individual pictures, mosaics, or some of 


“these have thus been used simply as  plane-table sheets. Having before him the _y¥ 
wealth of detail shown ‘the photographs, the topographer is aided and 


economy i is effected in ground ‘surveys, particularly in making small- scale 


ps of flat country for general purposes. In such a case, the absence of relief 
ction of scale attending the “processes: through which the map 
assumes final form, minimize the scale discrepancy and render possible con- 


os ‘siderable use of the photographic information. In such methods, all measure- 


ew of elevation and the work of aig contours are. done on the ice 


_ to a minimum needed for control only. _ One effort toward this goal uses the 


& 


ae ai three-point method | of control; that is, if the distances. between three points of 


equal elevation are e known ‘their images clearly distinguishable on the 


“Tout le monde ‘i présent a l’esprit des services qu’elle rendit pendant la guerre, et il 
a est pas exagé6ré de dire que, dans les dernié@éres anneés, 80% des renseignements sur Vennem! 
étaient donnés par elle, ‘La Aérienne”, L’Tilustration, 13 1924. 
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AEROPLANE TOPOGRAPHIC SURVEYS 


This’ serious objections. such triangles must be located on 


ground, involving much field work. computation is laborious, the iy 
result unsatisfactory. In practice it is possible to make an indefinite number! 
- of re-projected positions answer to the calculated size and position of triangle hoe 
Often it is difficult or impossible to locate a suitable triangle with points of be 
~ elevation. Resort may be had to points with measured differences of __ 
re elevation, but the computation i is then made more laborious. Inany event, there Hh 


ele | 


_ Such considerations have led to efforts to evolve a fidaldttoal method for pro- 


_ ducing directly from the data in the photographs an accurate contour map, 


without excessive work on the ground. Although the writer is not 
- connected with the development of the particular process to be described, he — ae 
has had unusual opportunity to ‘become familiar with it, having had occasion Sy a, 


to o check certain work | done by it and to study closely. the’ operations a 

instruments it involves. ts Al 


Iti is 3 not to be « expected that an area of marked relief will ever be reproduced ries 


ai rectly with the attributes of a good map. With ‘proper equipment photo- the 
aphs can be made into records of high precision, but they follow certain sane ee 


gra 

“Ta law vs i vert the data recorded in | pictures to the mae 

as well as to overcome the effects of practical working obstacles. _ Distances are a? 


represented on maps unaffected by the point of view; on photographs, even a 


series of aerial views from a great altitude, points s and lines follow the 
phenomenon of parallax, Suffering changes in apparent positions with | 


camera changes the photographic scales, Efforts to hold aerial cameras sealer. ay 
vertical have failed, and the tilt causes further displacements of points in the diy 
photographs, varying between ‘succeeding views and within a single picture. Va 
Y In short, to convert the data of photographs to a uniform ¢ seale a variety of Bom 4 a 
“obstacles and limitations must be met, some by nature inherent in all photo- ae 


Ae 

Pictures are conic ‘Projections.* 


“erties are. simple. 
in straight lines to the camera lens, and thense to the shathenaghic. ‘negative. 
A pencil of light rays reaching the lens from any point on the ground is fai * 


brought back’ to convergence or focus in the corresponding image ; at the focal rine 
“distance behind the lens. For all practical purpose s, there is.a cone with 
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The expréssion, “conic projection,” herein signifies a projection by rays constituting 
at il a cone, a sense supported by natural meaning and certain usage, which should be distin- — a 
jemi guished from use of the same expression refer to any projection: to a conical “surface. 


the cone the axis of a pencil of | 

+4 -_ to image point. If a plane be passed through the optical axis, the at 
rays it contains may be simply represented by straight lines crossing at the ie 

Scale and Area of Single Photograph.—Fig. 1 represents the ideal case—a 
orizontal photographic plate and level ground. | A lens with a focal length, af, 
rojects: light: rays from the points, A and B, on the ground to. the image 

points, a and }, on the photographic ‘plate.. From the similar triangles, 


and fhe seale, S = hat is, 1e 


gth. 


as is is expressed in’ ‘ana fin +> ‘is the ‘scale 


‘34 in feet to the inch; if expressed in the reverse ratio, as is | frequently done in 


the case of maps, such ratio or “principal fraction” is 


1 = 


Level Ground 
fa al b mar! ngth or width of the photographic image, from th 1 


same A B= ab xX —, which expresses the simple fact that either 


dimension of the photographic i image ‘multiplied by the scale gives the ¢ cor- 


"responding ground dimension, thus limiting the area that | can be shown in the 


to ‘the area of represented given picture with, 


Scale Variation Due to Ground Elevation.—Such ideal ines ite 


ever exist. If the earth were level, re maps would have no place. The 
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tion of this. It formed by. plane through the 
_ optical a2 axis and ‘the ground, including a stream channel | or valley at V. ‘ts i 
an orthographic ¢ or map projection’ to a horizontal plane such ‘is Xx’, the points, 


— 


V and E, would show at V and with their true horizontal between, 
‘the ‘conte ‘projection to on ‘the picture plane co rrésponds to the 
"positions, and on the datum plane, x’. That is, to scale, the point, 


PB: is displaced away from the center of the p picture by the distance, B, E,, and 


is displaced toward — the in with the 


the « varies with th this and with the he ground ‘elevation. At 
the axis of f the. lens, a is zero, ‘tan is ‘zero, and the displacement is 
regardless of the elevation, as already noted. ix other words, the error in the 
‘scale, of a photograph « due to to a difference in the elevation of the ground varies a 


a with the slope of | the | ground, the. height of the lens, and the distance of the 
* point involved from the. center of the picture. It follows that, due to these 
causes, there i is inherent i in ‘the > photograph a variation in scale as irregular as Mee 
the ground relief and varying with the other factors named. “It is not 
: _ practicable to make accurate use of serial photographs by scaling. me a 
ae ‘In Fig. 2 an arbitrary datum plane, x -X’, was assumed, If the hotogearhic 


scale of any , other. datum plane be used’ as a basis, the effect in general i is ll 


If the results for uniform slopes be considered and the horizontal plane through — 


the foot: -point of the lens be taken as the datum, the total change of scale is | R 
_ then divided between plus and minus amounts for ‘the slopes above and below. 
For | areas having marked relief these errors are very substantial. iewed 
a 


ae an altitude of 14 400 ft. , over ground having a a 3% ‘slope, 2 point down | 


-- ade from the foot- -point of the lens and 4500 ft. horizontally from it, is dis- . Br: 


placed in | the photograph inward toward the center 0 of the ‘picture an amount 
equivalent t to 72.5 ft. at the scale 0 of the ‘datum plane through the foot- point. ire 


cite an extreme ca case, a point up. grade o1 on a 80% slope and 5 400 ft. ‘hori- 


al zontally from the axis of the lens | is displaced outward an amount equivalent — ; 
uch gross ‘errors will “exist ‘in in a single photograph of ‘bold lief. Ina 


the errors can | lessened by ‘suitable trimming of overlapping 


yorto 


but errors due to relief exist throughout mosaics: and maps made from them — 
or from photographs without correction. In fact, ‘this condition makes it im- 


“possible to obtain a mosaic with perfect junctions between pictures ‘showing 


ground relief, because two ‘photographs of the same ground o or “object, photo- 
graphed from successive viewpoints, ake different forms. Some curious effects” 


War Department Training Regulations, Aerial Photographic 


id geale of an aerial photograph becomes changeable as'soon as there is ground 
ht relief: Because the photograph:is a conic projection, a verticaldimensiononthe 
— 
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le regardless of its elevation. the displacement, such as be called d, the 
elevation, such as E, be called h, and the angle, such as H,HE,,becalleda, 
a 7 
4 
| 
> 
| 
— 
a 
a 
he 
‘he 
ith 
= 
‘he 


APROPLANE TOPOGRAPHIC SU RVEYS 


of shown i in Fig. 3. It happens i in case 


of a road of uniform grade, running normal to the line of flight. _ At the — | 
of the diagram the road appears i in elevation and profile; above are indicated _ 


two photographic plates. in side view and in plan. ay The. plates are assumed 4 
Wes to be horizontal and on the one exposed | directly above the road, it properly 


K appears as normal to the course of the plane in its flight, but on Photograph a 


exposed to the right, the road appears at an angle to the flight. In the upper es 


right-hand corner of Fig. 3 is illustrated the impossibility of correctly match- 


ing the photographs along ‘the line of the road. . The i images along the a 
Tine are thrown out of position through the angle marked “displacement” and 


a if _the images o of one point be made to coincide the other points along the road 


“do not, although on both photographs ‘the road appears as straight. ‘TE it is of be 


uniform width on the ground its width on the plate will taper AIEEE os 


Photograph 1 3 Photograph 


Line jeining Centers | 
or flying 


on 


— 


i 


on 
SIDE VIEW SIDE VIEW END view 
Photograph 1 Photograph 2 For ag ack. 
joining Contours when assembling 
conjugate images of a Road not in 
, EFFECT ON. od 


fans to Ip CONIC PROJECTION 
900 E 


fod bugs sqole 2208 2 go in Jeipg.a atio. g 
Fig. 4 represents a more common case of a road of varying slope. This again 


may be straight i in plan or in orthographic projection on a map, but, on. alaten ie 
exposed in the aeroplane before and after it ‘Passes. al above the road, it will © 


_ appear as a curve; and the concavities or convexities of the two projections — ia 


a will face each other. At the right the two are superimposed, showing the im- i 


; possibility of trimming prints 80 as to ‘make them j join along such a line, — ap ae 


R Ground relief, then, causes the displacement of points in the ‘photographs, a 


, for a given elevation, the displacement in a single ‘Picture | differs for 
of different distance from the axis of t the lens, Similarly, for the 


ei ‘on the ‘ground a change in 1 the position of the lens and the optical axi 
causes a change in the displacement o of the J point i in vith Photographic on | 
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AEROPLANE ‘TOPOGRAPHIC 


“site te sides of | the s same point on on the ground, it is s displaced i in 1 opposite \dizections, a: 
i is, away y from the axis of each position 0 or the center of each picture. 


other words, in overlapping photographs ; images common to both suffer a change a 8 


of relative position; or parallax). 


og Parallax. —Parallax i in general is an apparent change of position of objects — 


VIEW A, Road in Diagram has been considered 
as line without thickness, but in actual 
Projection the Road, of uniform width, 
4 will be wider in Picture at Point 
than at Polnt"Z" 
av odt bon 


SIDE VIEW | SIDE VIEW 


| 


: 


oe toa . chan ng ge in the point of view. Familiar examples of this are the rela- 4 

tive shifting of objects seen ‘through the window of a@ moving train and the = 

Byte readings of time by. persons looking at a a clock from different angles. 
_ Similarly, in overlapping 2 aerial photographs, p points in relief are projected a 

differently on ‘a datum plane. Thus, Fig. 5 represents two plates exposed in ¢ 
he same | horizontal . plane above | the points, C , and C,, on the ground with 

e lens at successive points, L, and Ly; 0 on the first plate the e point, A, eae 

the 9 ground has its image at a,, corresponding to A, in the datum plane through - 

Oa whereas on the secon nd plate its image is xe corresponding to A, in the r 

and is represented by 


Gifference in the length oft the two images is: =A, 
triangles, A, AA, and L, AL,, are similar, and, A, A, : Be, H 7 
if the exposures, OF the base, DL, be called B, the differ- 
» be called D, and the corresponding difference in length | 
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be. called then ip ti photographic 


Cig 


= queen 
‘For: any pair of plates exposed i ina horizontal “planes >the base, B, is dtieia 4 
_ for any given datum, the lens height, H, is constant, the scale ratio, —=, 


i stant, ‘and the parallax, p, for any point is a fundtion of its elevation. F a? 4 
_ the foregoing relation, Equation (1), t the parallax may be computed for a given | 
elevation; conversely, the elevation may be determined if the value of the 


A 4 237: Horizontal Plates 
FISLOAT AS. 


aa? 
mort 2 


ov 


stereoscopically they are as one, with ground forms, buildings, ‘and other 
Objects in. relief. In aerial stereoscopic photography, parallax may be defined 


8 the difference yi vin distance between two’ pairs of conjugate points (images) — 
due to the difference in elevation of the two. corresponding points (objects). 


_ For convenience e the representation of parallax i in Fig. 5 is in some respects a a 


“special case, but the relations deduced may | be generalized. Thus, the point, 


ie A, is ; shown as above the datum plane, but might have been shown below, i in 
which ease, A, C, would exceed A, C,, the difference, A, C, — A, a a 


‘negative, and ‘for a minus elevation ‘the’ value of the 


datum the elevati 
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_— jg. be made in conjunction with the stereoscopic treatment of overlapping photo- — .. 
_—_ j. graphs; if the pictures of the common area from two viewpoints are examined § = 
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be zero, and likewise se the parallax, for the difference, ' 
a 


Again, for. simplicity, Fi Fig. 5 shows relations i in a single plane; it represents 
a section through the two vertical positions of the axis of the:lens. . The effective x 
‘movement of the aeroplane and camera between the two exposures has been 
in this plane; regardless of what lateral movements took place between L, 
- and L,, the mathematical result, is the same as if the ‘center of the lens had re 
ppreesiey along the line, L, Ly which, therefore, may be called the line of flight. Fr 
is -Tepresented in the diagrams by the line on Photograph 1 joining the 
images the. points, C and » and by the: conjugate image, ¢,’ Cy OD 
The parallax’ measurements | between the two plates are parallel to such 
lines. In other words, although in in Fi ig. 5 the point, A, and the lines to it are i, 


shown in the. vertical plane through the line of flight, they may ‘represent 


a of the line, , Ly A’, pierces the plane at A,’ 
projection of A,’ on ‘the vertical plane the line of fight must hie i in the 


of A,’ onthe vertical plane through the line of ‘fight and, 
; = is ech projection of Af; the point where tes line, L, “AST pierces the datum — 


per two pairs of points due to ‘the difference in elevation 
of the corresponding object points” » provided these distances and | 


gre measured parallel to the line of flight. That is, parallax values as here 
_ defined are ‘always to be measured parallel to the line of flight | for a pair of ie 
‘photographic plates. anf to roi 
{hat _ Limitations of Photographic Material 
‘This is not the place for a discussion of all the minuti of the photographic — 


ig 
art. Only a few are that assume e special in con- 


‘maps. tod add to 10 edt edt to 


a8 One requirement is that the ‘base catrying the negative Capa te 
flat or 80 nearly perfect plane ‘as not to cause errors 


urements. 


ilm.— —Precise measurements have disclosed errors use 


which make it inappropriate for the: purpose of aerial mapping. Various 
‘such as pressure plates and suction in different forms, have been tried 
the same results. Films are distorted by the developing ‘process,’ which 


in many instances: 3 frees the gelatine emulsion locally from its.celluloid: 
patches adding further to the general shrinkage that takes place 


| — 
a | _ where. Thus, if A is such a projection of any point, A’, of equal elevation a 7 
. 
| 
a 
b 
| 
— 
ly — 
8) tography so little has been said concerning this feature which is so fundamental 
4 
ld 
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To quote M. “André Carlier again, “However, we ‘must ‘state that at 


= to have a for ‘film due to his experience with. it in 

when he was in charge » of aerial photography at the front. aids 
_ Plates—The emulsion does not creep on glass plates, nor do such plates | 

a shrink i in development. _ Ordinary photographic plates, however, may | have con- 


- giderable curvature, often as much as 15’ of arc. ib No means is available to 


correct the effect of this in a single photograph or to avoid its cumulative effect 


series. . The use of flat plates i is, therefore, essential 
ractical Operatin ifficulties 


_. The engineer, accustomed to aii firma for the legs of his transit or plane- 


table, expects: some practical difficulties in making observations from a vehicle 


- moving through air at a rate of more than 1 mile per min. _ The difficulty 

has p proved most troublesome is due to this lack of tie 
Overlap.—Adjoining photographs must overlap. Overlapping is needed 
_ a gap is to be avoided as it is impracticable to take the photographs so as just 
to join -end- on. For the best mosaics, it is needed so. as to permit the outer 
Fe portions of each photograph to be discarded, as already explained. It is neces- — 


8 4 sary in order ‘to orient each picture with reference to those adjoining; for this , 


oa oe purpose the two images of the same thing on. the two views are utilized. Over-— 


eo lapis is also needed so as to permit the stereoscopic treatment of the pictures. 7 
Although overlap is essential for these purposes, it alone does: nok attain: 


—_ _ Overlap will not eliminate variation of seale nor assure a correct orien- 


ana tipping of ‘the aeroplane, all tend or r tilt the camera. Fe is 
hails illustration of some of the ‘results. Tt represents a vertical section — 
adh the axis of the lens af a tilted plate, ‘emd-aheowe also the position the 
plate would have taken if it had been horizontal over the same position of the — 
oY Jens, that i is, the axis of tilt is normal to the plane of the diagram through the 
Poa common position, L, of the lens. The trace or intersection of the horizontal — 
: and t tilted planes of projection is likewise a line normal to the diagram through — 
| the x point, m. For convenience o of illustration, the angle of tilt.a s shown i is 


excessive, but this does not affect the principles involved. 


For the horizontal position of the plate, the optical axis is vertical, inter- — 
-cepting the ground at V, whereas, for the tilted position, the optical axis is _ 
swung through the angle of tilt and intercepts the ground at a very different - 
rf SS C; that is, the centers . of the two negatives will receive images of. onl 
points and the distance and direction between them will vary 


with the v varying degree and direction of the tilt, haat Wit 


* “Cependant, devons dire actuelle pour tous les. travaux exigeant = 
e de photogrs 18 ‘December 
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The wil 
eg reaching the horizontal plate w 


7 as A L, will reach the tilted plate, ‘but not the horizontal plated some ground 

dimensions, such as M * will have a greater ‘image on ‘the tilted plate ‘than 
.s the horizontal; and the’ opposite will be true of some _ dimensions, such as on 
M B. _ The trace of the horizontal and 1 tilted planes of projection receives the 


7 same ‘Vght. rays in ‘either. case and the: photographie scale in that one line i 
unaffected. its 


Horizontal 


phe: th ane oat vd 

y 


++ 


t be an ada [KTR 


The axis. of | for the horizontal position pierces the in 


“optical center, o’, and the same light ray intersects the tilted. plate The 
' 4 axis of the lens for the tilted position pierces the 1 plate i in its optical center, ¢, ve, 
and the same ray cuts the horizontal plate at The of tilt is: 
focal length, f=Lv v =I = L c, and hence the right triangles, . L end 
Lev, are equal; ‘that is, L = Lc and v’ v= hence the right triangles, 


mo and _eme’, are equal and Therefore, the right triangles, 


Lv’ m and Lem, are and bouiteh teal otelq 2 botlit 


| Ma On the tilted plate, » v is the image of the point, on the ground vertically below 
| lens, » 


4 center, and is on that line a distance from the center, " 


cLm=f tan— 6 


r accordingly. Some light rays, such as 
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point.is cv =f 


or small tilt, st uch as commonly in practice, f tan is virtually: 
and hence it is sometimes called the mid-point. Thus, for 2°) of with a 
length of 10 in. #9 beslit baw {atirositod. ods to 


The displacement of i images es due to tilt is outward from’ m in the ‘part of ; 
: the tilted plane above the horizontal plane and inward toward m in the part 


*,) below. Thus, for any image, 5; formed by the light ray, J1j, at an angle, a, 


from the vertical, the displacement | outward is: 


f tan (a + 6) — - f tana — 2 f tan - frou vebie 


» ander for an int, b, ‘the disy lacement inward i is: 
These are in of dimensions on the. Photographs and must 
_ be multiplied by the scale, , to determine the corresponding dimensions on ad 
a few degrees of tilt a negligible error o involved in assuming 1 that fF 


= f [(tan a — tan 6) — tan (a — cba angts, 4 

In practice the tilt can usually be kept withiai 2 and | need, rarely | excesd a 

depres. This, however, causes substantial displacement o of the points . Thus, 

ta height of 12 2 000 ft., with a lens having a focal length of 12 in., producing 
a scale of 1 in. = 1 000 ft., in the case at the mid- 
point that 2 25°, a tilt of 2° would cause a displacement equiv- | ad 
H [tan 27° — (tan 25° tan: yn 2°), = 99. bam 
Serious in’ determinations: of ground elevations ‘from 

tilted ‘plates. Thus, if the plate last defined were used for parallax readings acs 

_ in conjunction with ¢ a horizontal. mate, w with an exposure interval of 3000 ft, Bo | 

or a base of 3 in. on the plate, the Sadhooted..chendian, of the point, B, would - Bs i 

be 20 ft. too high, that of the point, J, , 17. 5 ft. too low, or a a total error of 37.5 ff “e 

in the difference in elevation between the two points. adi q 


a the equations it will be noted that for a given scale the displace- Bom 


proportional to the focal length. 
vation and increasing the focal length 
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so as to retain the same photographic scale and dis- 
- placement of points that is inherent in the conic projection of ground eleva- J 
tions, has the disadvantage of inereasing proportionally the displacements 
to the tilt. A photographic mosaic from original negatives will be ‘subject a 
a fo variations. in scale from both causes (ground 1 relief and tilt) ; for a given 
photographie scale ts in height and focal length will decrease 
the error from one can 
Fig. 7 further ‘Mastestes displacements: in conic projection. on tee 
= photograph. The ground is here assumed ‘to be level and four points, 7 
A, B, C, and D, are, differently projected on the horizontal and tilted Photo- a 
graphs: 1 and 2 at the left. The » displacements on the tilted photograph are © 
radial. At the upper corner are shown the two superim- 


"posed so as to make the two images of the point where t he focal axis s of the 


tilt some of the points are displaced outward from the center and others. ar 


4 


rt 


second photograp ‘the ground surface coincide. Because of 


"od 


| \do not coincide with Points on No. 1 . 
WOTE: Photograph No. 1 is horizontal Lens 
and image thereon Is a true Picture \ 
of the Ground, | 
Photograph No. 2 shows distortion 
_.;  \ ERRORS PRODUCED By / 
‘yd \ CONIC PROVECTION ON / 


otige TE 


edt 19bat at tis lite oxi to bosge — ban _ 


o _ Variation in scale due to tilt alone i is illustrated in Figs. 6 and 7, but the 


common ¢ondition i is that. this is, combined with displacements due to eleva- 


tion, other factors in uncertain and. varying amounts. These ‘diagrams 


show the effects i ina single plane or direction ; like effects occur in other planes — 
and directions. Thus, the. results i in the photograph are complex. The addi- 


tion of tilt to the other of changes” in ‘scale 1 is a complication that has 
caused much difficulty to those. attempting ‘the translation of the photographic eat 
data into ) maps and has been the undoing of many such efforts. a 


ally 
id — 
— 
f — 
t of 
part 
— 
idle 
— 
ober 
= 
the 
‘ceed 
ing | 
#4 
mida- 
yulv- 
q 
oat § 
from 
lings § 
lace- 
q 
mgth 


Earnest have been made to prevent tilt— 
the variation in scale from this cause. _ All such experiments with which the 
writer is familiar have served at best only ‘to minimize it. The camera may 
# he suspended above its center of gravity ‘so that & any tilt. ‘from the vertical 
immediately enlists the force of gravity to bring * the camera back, but’ such 
action will not prevent slight tilting this Ss way and that at ‘the instant of ex- 


re 
- posure _ Another simple device that suggests itself is to attach spirit- ‘levels 4 


: Rr, a to the camera and to exercise positive control over its position in accordance — 


with their readings; or to photograph the ‘bubbles with the picture as a record | 1 
of tilt and as a guide for its correction. — The difficulty of this device is that t 


a “a ‘the bubbles themselves are seriously | affected by the accelerations and deceler- 


a ations of the aeroplane. ‘Their readings are useless for accurate work. 


_ ot Gyroscope es have been used, but in the extended | experiments with which © 
writer familiar they have proved insufficient. Suspended pendu- 


lousy, they tended ‘to keep ‘the camera vertical, but the corrective action was 


slow to preclude tilt. Suspended neutrally, they tended to keep the camera 
n a plane according to ee setting, but | means were lacking: for oy making the 


returns 8 to a a position parallel to its ‘original 


ak ‘Height of Lens.- has n shown that tl the photographic scale, S, equals —. 


As H is the vertical distance from the ground to the lens, for a given camera 


3 or focal length, the scale, 8, is s different for e each | different flying height; hence 


“lapping views. Changes of scale ‘due to this cause ‘combing with the effects 


a of tilt and ground relief, and require correction in converting i 


yootns 


Transforming the ‘simple formula for scale, H 


a particular photographic seale is found beri 
uF he ater by the fi ‘cat length of the camera to be used. As H varies in an 7 
event with the ground elevation, the particular value of gs used i in this equation a 
te determine H, will apply exactly to ‘only « one datum. ‘This datum may be 
“a chosen as approximately the mean elevation of the ground to be photographed, 
— but, as already explained, a different scale will result for each other ground | 
elevation appearing in the individual picture or mosaic. -glewatic 
% les Speed and Drift. —The speed of a a platie i in ‘still air is partly under the con- 
trol of the pilot, through his control o of the motor and its Speed i is 
affected by the velocity of the wind | with respect to the line of flight. the 
flight is with the wind, the: speed of the plane is greater than it would 
a in still air. If the directions of flight and of wind are 3 opposed, wou be 
of is reduced. Under working conditions, the or 
“ground vi ordinarily vary between about 60 and 120 miles per hour, 
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a otherwise, | a strip of pictures presents a serrated border, as indicated i in Fig. 8. 


ag 


2 as a decimal, d, the advance in groun 


j join end-on, 


peak: 


plane must be pointed eo that the resultant of the carries 


_ Ordinarily, flights in a strong. wind ‘will not be made, bu t 


for any cross-wind the | plane | must be pointed at a slight ‘angle from the Tine 


B TOL bo: 


It is not imperative that this effect be eliminated, but for convenience and = a 


viol | 


b 


of flight and the camera | should in turn be swung back through t: the same angle; = : 


ntervels Between —The of ‘exposure depends on the 


size of the useful image, focal length, ‘height ‘of lens, overlap, and speed of | 


flight. ‘Under. theoretical conditions of level ground, with drift: eliminated and 


photographic plates i in one horizontal plane, if successive images “were just 


to 


the: distance, d, between points of exposure would equal the ground 
dimension of a single photograph in the direction ‘of ‘flight. if the length 


of “useful i image is 1, its width, w, ‘and the corresponding ground dimensions, — 


al 


according to to whether t the Jong or short side of tl the i . image parallels the » flight. es Rin <a’ 
Overlap i is a direct reduction of the interval. the overlap is 


nd pictured for each evnainbnins view 


i, 


exposures is, 


and if the net, or ground, speed of the plane is g, the time in dated between _ . 


‘Thus, , for a speed of 60 miles per hour, or 88 ft. per sec., at an elevation un 


of 12 000 ft., with a 12-in. lens and an image 8 in. _ in the direction of oa 


be 12° 000 0.4 > oid, oldiar 
By? is x = 36}: 


approximately. 
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_ tending for a ‘distance, D, on the ground the number of plates. or exposures is, 


alt dosd gi blvoda grooms od} bos.tazili 
: Ths, for a flight as in the preceding example for a distance of 10 miles, or — 


en ith a a useful image, 6 in. wide, the ground area pictured by such a strip 


= be 6000 X 52 800 = (316 800 000 ‘sq. . ft., or 1144 s sq. miles. Simple 


computations of like nature will: give the ‘number. of exposures ‘needed for 


various distances, focal lengths, and heights of lens, to cover any combination 
i? overlapping a and tributary strips. tT he theoretical numbers thus found should 


tes slightly increased to , photograph the small excess area necessary to 
that the views will have at least the needed overlap and total area sivas 


‘tae plane ‘Optical and Mechanical Requirements | 


“Instruments (of precision. ‘are the of surveying. 


ted, y t all his wikk 


 eebieue be to-day takes his transit and level for gran | 
‘and plane- 


‘triangulation and precise ‘leveling, his. comparisons of st: 
- table, his. other elections in methods o f ‘control, mapping, and location, 1 Test 
n that little group of. instruments that | exercise so _ profound an influence on 
is work. The development of successfu designs of the engineer’s transit and 


er instruments demande years 0 painsta ing e ort. bas 


Aeroplane topographic | ‘surveys. call for new instruments of precision. Ths 


are as essential to the new art. as the transit and level to ground surveying. 


‘The design | and construction of such new instruments, to equal o or exceed the ; 


old in their accuracy and to meet the requirements of precision and prac- 


tical workability, offered. a problem | demanding similar effort and skill. Under 


Pressure of other demands, the aeroplane has attained sufficient 


variety ‘so that it may be taken It must be supplemented 


2 


to the orthographic projection ‘and contour delineation in 


a be avoided, a plate camera is needed. To permit sufficient, exposures on a 
single flight, magazines: for the plates are required. instrument used to 
horizontalize” the plates must be essentially a photographic projector, with. 
te provisions for tilting the negative and copy board. The instrument for ix inter- 
pretation of the. photographs must include provision for refined measurements 
of t the e displacements already mentioned, so as to determine the effects of tilt and 
change ze of elevation. ‘In all the the lenses should be as free 
possible from distortion, the different elements should be truly concentric, and, 


in general, the optical devices should be of in assem-— 


of tilt, for. -the interpretation and conversion. of thi 


camera should be at least as accurate as the transit. As film is to. 
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_ Reference has ‘been made to the mosaic as a development of the World 


Wee Such a composite picture has many Peace-time uses, including the pre- 
: liminary consideration of rights of way for electrical transmission, railroads, 


and. other. lines, general studies. of drainage basins, timber holdings, and other 
large areas; and. city planning, tax assessment, and municipal zoning studies. 
advantages” and some:serious disadvantages. 
One great advantage is speed. It is possible to in: a “few: odays 


= ‘mosaic of an area of. such size and character as would 1 require months ¢ or even E oe 


= 


expense limit sharply the lengths to which, the topogtapher in 


"measuring stream meanders, timber outlines, . and other details; ‘conventional 
signs limit. what the cartographer can show; but the camera gives a picture 


of the whole, While the transitiian locates a or r line, the camera records 


3 kis The weakness of a mosaic, fatal to its use as a ‘substitute for the ‘engineer- a 


ings map, is its lack of uniform a scale, It offers little or no indication ofiele- 


vations. Its. component, parts. are subject. throughout; to; irregular ‘changes 
«of. horizontal, scale due to ground relief and tilt, as already noted. 
sembly ¢ of these i is an aggregation of the 1 local errors, » and offers opportunity for 


straight line On | the mosaic will usually represent a broken or curved line on fa 
ground and wice versa. Thus, the mosaic has been vealed caricature of 


the. landscape.” & .Yovine taba Bots 2 “ot 
’ An obvious method of merging overlapping prints into mosaic form is to bl 


superimpose conjugate images of two or more defined points or features, 


tation result from, differences of elevation. "Thus, if one e point used is in the 
~ datum plane and the other a high point, the result.is as if the second print 
had been rotated. about the first. point and out of correct position an amount 
dependent on thee elevation or resulting parallax of the se second point. anil 
ent Of the scale variations or errors in mosaics, those due to tilt can be elim- pct 
inated if the tilted negatives can be so re-projected as to vbe “ ‘horizontalized” 
before taking prints for making into mosaics, but the ‘errors, usually greater 
due to, ground relief, remain. ‘The latter, being inherent i in photographs, are 
inevitable in. mosaics. _ They can, however, be lessened by shortening the in < 
terval between exposures, thus increasing the number of Photographs and re- 
-stricting the fragments used to smaller areas about the center ‘points .of the 
_ pietures.. They can be lessened and. localized if the centers of the picture 


can be. correctly. located by. platting and the oriented but. the difi- 
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ny event ‘none of a seid because of: the Jacl of ver- 


1 tical scale and the inev inevitable + variation in the ‘horizontal scale. 1 If thee ters: 
the pictures are correctly platted to a chosen scale and correctly o: oriented, 
_ the photographs of ground between center points will have varying scales for 


4 different elevations of ground, and i in trimming adjoining prints some of the 7 


ee will not be shown or will be duplicated i in the mosaic ce 


‘The first step in the method anions discussion is to secure a series of over- 

aerial photographs on glass plates! Suitable pairs of plates” are 

examined stereoscopically, a1 and the tilt is determined and overcome by re-projec- 
ue tion. Co . drawn on the plates and all data are converted to'ortho- f 
as graphic projection, with such constant scale as is desired on the final | tracing. 7 | ; 
ae By means of these successive steps there is | produced from aerial ‘photographs an 


ed ‘accurate contour map in the usual form of tracings and blue prints as long used 


ree by engineers. The instruments and technique used have~ been developed 
| 
through continuous research since the conclusion ofthe World War, 


Plying. —Acroplanes of various types are used according to the 


‘mente of flying radius, ceiling, and weight-c -carrying capacity. Ordinarily, a 
field. base is established near the area survey and thus the flights: 
‘not ‘sufficient to tax these requirements. -man crew is ‘used, pilot and 
photographer. The a area to be mapped is traversed in straight lines represent- a 
ing photographic strips, with overlapping strips and tributary lines as needed 
to cover xr the area with a simple x network of nearly straight ‘lines, Isaopibbs — 
aghing ~ The effort is to fly on ‘an even keel at a ‘constant ‘height, ‘usually ‘prea 


mating 5 000. 10 000, or 15 000 ft. If it is necessary to determine the best 


covering the area “under survey, a preliminary reconnaissance 
Photographing.— —Overlapping views are taken with an interval between 
exposures fixed so that each photograph will include the center point of any 
adjoining ng picture. Because of the inadequacy of film and of the curvature 


likely to in ordinary photographic plates, only selected flat ‘glass plates 


‘flying, camera of ‘special design i is used. Its details and constru 


‘ee tion are such as to handle glass plates easily and rapidly, producing overlapping 
ae photographic views of such character as can be utilized in the special apparatus | 


| Promptly after each photog taphic flight, the plates are the 


are made and examined to assure that the desired area and’ 


been ‘secured. Inc case of uncertainty the exact area to be 


tthe ‘date in the some are 
made, but they are merely a small fraction of the work that would be involved — 


a ground survey’! for ‘comparable results. For ‘horizontal control, an 
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location end of a of -and every 
A in a long series. For vertical control, ‘differences of elevation are imag : 


=| on the ‘ground for several points that appear ¢ ‘on each | plate; ;\the distances be- 

tween an these points are not needed. to o ‘to. {lait singe 
Points used for horizontal and vertical, control must be. identified clearly 
only on the ground, but in the photographs. Sharply defined points 

: selected from field prints of the photographs by use of a hand stereoscope. Al- < ng 


there is considerable Jatitude in the location of points, the 


is to secure a point: near ‘the center of each picture and | one near ar end of 


of the focal length the of field points required 
square mile. ‘Fora a flight at an elevation of 10 000 ft. with a lens « of 8 in 


a length a1 and a 6 by 8-i in. image for three parallel strips of ten plates each, — 


and an overlap of 60%, there would Abe 60 field points in about 22 sq. . miles, 


Fic. bd FIELD FOR OVERLAPPING PLATES, 
e4 


This: opération: takes little time and consists of de 
‘tails, but deserves description because of the effect on accuracy. The plate 


laid | on a glass table and a straight- edge i is laid diagonally across it as 


> join the fine marks it carries as a result of pin-holes in the aperture pléte Pe 
the camera. A short mark a along. each diagonal i is cut in the emulsion mak: 


4 


| intersection that marks, ‘the center the picture. .ac accuracy is 


glass. pqse 


] 


4 
q if 
of the points may serve a fla 
an at 81x thi he number of field 
. je within a strip, in Fig. 9. Thus, the n — 
photograp as indicated ideally in Fig. 9. 
» ing photographs as in 
4 
=u 


subsequent operations. The ‘positives carry, all the attributes 


markings of the negatives, including the « center points. 
Stereoscopic Examination — —The measuring stereoscope, shown in Fig. 10, 
consists essentially of systems of lenses for the stereoscopic examination of 


photographic plates mounted on turn- tables, with provisions for p passing: Tight 


} 
through the plates from below and for certain measured movements in the 


plane of the turn-tables. These movements include: the rotation of each Aad 
4 oe about its center, the movement of one table | along the line joining their | —_ 


In Fig. 10 the lens housing and eye-pieces (a) appear at the top and. 


and the joint movement of both along that line and normal toit. = = > 


tet = pair of plates (b)'s appear on the turn-tables below. Hand-wheels control the 
_ various: motions. Lying in racks against the front of the machine may be 
te seen two rules (¢) made of glass with metal frames. | The glass parts contain 
horizontal and vertical cross-hairs set in the long and short axes of 
the rules. Tha: and technique waed -bean developed 
4 


5 


a 


b 


ware 


ah The rules fit recesses provided for them on the turn- tables: and the inter- _ 
te, secting cross- s-hairs of the rule then mark the mechanical centers of the ables. a 


are used to bring: centers separately in line with the optical axes 


The two positive plates under examination are the 
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| of The: tables ‘are rotated so as to bring. into’ alignment the four ‘points 
on the plates marking the two views of the center point of each plate.. This. 
aa identification on each plate of the conjugate. center or image of the 
center of the other plate. This can readily be approximated by observing the 
picture point with the naked eye, and can be accurately done by stereoscopic 


xamination. This alignment once being established » the motion, of rotatio a 
not again used until a new pair of mounted on the tahies. 


2 is then ‘moved laterally line of on the the 


conjugate 3 image for the center of the other plate is centered ‘under the 
piece. The other eye- piece will ‘then. not be over the center of t the other Nl 


In other, ‘words, due to parallax and other. causes the two. images of the line 


between. centers of the plates will usually be of different length. The ‘microm 


eter dial (d) 1 measuring the amount of diver gence between the plates i is set a 


_ The other plate is ‘moved until it is centered under 


eye- piece. The ‘micrometer reading will then. show the “spreac Ordinarily, 


this” will ‘not be due solely to ‘the difference in elevati n 

will involve also the factor of tilt in one or both Plates. oH i pee 

‘Similar ‘parallax readings a1 are taken for the few ‘salient ponte previously 


mentioned. The correct (computed) “parallax values" based on the known 
elevations of the selected p. points 8 a8 measured on the ground are compared with 


the readings. The differences, their direction (plus or minus readings), and 

- their’ distribution over the plates indicate the direction and amount of the a 

Re -Projection.— —With the tilt determined, each plate is “horizontalized” 
if necessary by re- projection.” For this a machine is used having the usual 

facilities for ré- projection of ‘photc ographie plates, with special 1 provisions for 
certain measured or controlled movements. The frame carrying the plate to 


- a projected can be rotated about its center, moved vertically or laterally i in the 


FAs 


tx 


plane’ of the plate, and tilted about a vertical or horizontal axis ‘through: its 
center. - Another frame carrying the plate to ‘receive the projection has like 
‘motions. The tilting motions are measured on graduating ares. - For use in 


the latter frame : a ‘ground- glass plate ‘is "provided, marked with v rtical and 


i y The plate to be projected is put in position and its center ‘is brought pre- 


cisely into line with the focal axis of the lens. It is: then rotated about its — 
fee until the conjugate image of the ‘center 0: the o ther plate is brought 


into the horizontal plane through the center and focal axis. The tilting mo- 


tions are then manipulated i in the direction and degree indicated by the differ- 


ences between parallaxes: already computed from known elevations ‘and those 
indicated ‘by the preliminary stereoscopic examination. adjustment i 


~ divided between the negative and the ground- glass plate 80 as to keep a sharp 


7. throughout the view, and then the ground- -glass »late is removed, a sen- 
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AEROPLANE TOPOGRAPHIO SURVEYS 

will approximate very closely ‘the result that would have 
ee _ obtained had ‘the original aerial ‘exposure been made ona horizontal plate. ala. bo 
The various plates. needing correction are similarly re-projected and the 


a the results. is verified by re- examining the plates in’ pairs | 
the stereoscope, ‘comparing anew the parallax readings with the > known 


alllaxes for the salient points. In rare cases a plate i is re- projected a second 
time for. greater accuracy. On the other’ hand, an original plate is at times 

gach’ a close” approximation to the horizontal ‘as not to require re- “projection 
at all. ‘Thus, finally a complete series of overlapping views 
ont 
are obtained which are used i in n subsequent steps of the process. 


views ‘are mounted 0 


is located under the cen ers of both eye- pieces, tha is, a point having sucl a 
ae located the centers of both ‘that th h 


4 ‘parallax. ~ This i is a point on the desired contour and is marked with a ‘special 


i on one plate. Sufficient other points are similarly located to build up 


the contour line on the plate. The computed parallax for the desired contour ~ 


interval is added to the reading ‘of the machine and th 16 ‘next contour line is 
similar! rly located and drawn. 2 ‘This process is continued until the area common 1 
q 


— 


te the two plates is fully contoured on one of them. . ‘The plates are then re- 
ie moved and the pencilled contour lines are drawn through the emulsion with 
This process is greatly facilitated by the stereoscopic vision of the pictures. 


_ The cross- “hairs seem to lie on the ground surface when a correct | point q 
under their intersection. case of. a point too high the | _Cross- -hairs 
Fie i: to bury ‘themselves i in ‘the earth, and in the case of one too low they seem q 
to float in the air above it. With this characteristic and ‘the vivid picture of | 


seen through the stereoscope, the skilled operator in practice can quickly 

eens rately trace any contour line. ; _ Fig. 11 shows a plat e contoured — 
throughout. In practice the contours are drawn o on one view of each area 
common to an overlapping pair. The process is continued with the plates in 
ele, until by the aggregation of such parts the entire area is contoured... __ : 


Plotting and Tracing. —After the product isa a; ‘plates: 


at least 50% overlap i in adjoining and contour of -ele- 
vations and interval. As. a contour line connects images of equal elevation, 


eo it marks a level plane a its conical projection on the horizontal plate has uni- 


Fn. form scale. _ The scale varies, however, as between the different contours, but _ 

the scale « of | any contour line can be modified as desired by moving each h point y 


To control the drawing, the centers of the pictures and other 
points are plotted separately. For ‘selecting the control points the photo- 
"graphic plates are in | pairs on an illuminated glass table and com- 


‘mon —r defined and located toward the edges of f the plates, are 
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base line measured on the ground the plotting 
‘include, the ends of. this Tine... The, plotting of the map. commences with the 


base I line... Its known length i is plotted: with great: care on drawing paper | : to the 
"scale desired. on the map.. The centers of plates including the base line 


located with reference to, it by means) of direction lines. taken from 
plate, j These “say” lines from the centers of the e plates 1 to the. ends of the base sd 


line. and. to. other plotting. points -are correct in. azimuth regardless of the 
changes in elevation or scale, provided the plates.are “horizontalized” (cor- 
-Tected to to the horizontal), just as. horizontal | angles or azimuths read the 


transit are correct regardless of differences i in elevation, provided the transit 


properly adjusted ‘to ‘the horizontal. Similarly, the intersections of 


on the | plates as s already denied, an are readily to the finished 
a map with such corrections i in weal as are penemenry,3 to make the the final drawing 


| 
terrain 
“Aeroplane contour surveys are new, but to ‘some ‘rigid 
tests. originators of this method first sought independent review a 
its correctness theoretically. ‘A number of investigations and reports” were 


obtained by them, 2 giving expert opinion ‘from ‘the wire of view of the — 


the all of which w 


very and the parties 


ave 


“In 1921, “the writer was assigned with ‘engineers ‘to make a Careful 
examination of the theories involved and to chéck the results obtained. One 


AS of the aeroplane contour surveys studied was for a district near Media . Pa, 
q having the following characteristics: dt mowed 
ocation : Del aware County, Pennsylvania. fave en Ret 
‘Approximate. area mapped: 10 sq. miles. 


Approximate elevations: Maximum, 300; “minimum, difference, 


‘Contour interval: 90 ft. 


Fig. 12 is one of the original. photographs made ji ‘in the: ‘Media survey 


13 i is the resulting map, | be einiog 0 trode 
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maps were made, or their engineers, 
for whom the maps were made, or 
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‘The Media survey, made i in 1921 , was of an natur and 
is purpose, simultaneously with the 
ide using the 
ordinary instruments and methods was not a ‘complete topographic sur- 
vey and ‘no contouring was done, but the traverse generally the prin- 
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cipa 
‘starting with unusual accuracy, so’ that it offered a satisfactory ground 


= 


ati i 
xd 


tras anid 


eati ia Fic. Conrour Map, MEpra ‘SURVEY. arth abana at 


corse ott gomatant ak 9710 ovat 1970 


ol tye 4 


the work, instrumental grow d survey, and such 


d rt 


other maps a as were available. “Study an an d comparison these. disclosed the 


hae fact that, toa highly satisfactory degree, the aeroplane photographie map coin- a 
cided throughout with the instrumental survey. Such displacements as were 
contained i in the map were uniformly distributed and 


ia 
lative, gradually out over long distances, 60 that the relative 1 


«a 
4 
opr 
— 
q 
godt F 1 and side shots from the base lines were mat e by | | 
base line by use of a wye- transit. In this check survey the level 
vertical angle readings with the transit. In 5 ; 
di certainly, and the vertical angle readings probably, o: pene 
factory degree of accuracy for the purpose of the che onsigotss ont ‘ 
Bes 
= 
— 
— 
re 
t of the ground traverse, elevations were * 
the circuit of the ground hose shown by the aeroplane contours. 
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ABROPLANE TOPOGRAPHIC SURVEYS: 


In) din subsequent ‘report the reached that aeroplane contours” na 
’ could be located with the assurance that none would be in | error more than 

ft. following i: is quoted from the report® dated’ Jun me 4, 1924: “The 
accuracy with which this ¢ can be done of the 


= 


“The same results could be secured by fferent men familiar with the 


"operation of the stereoscope, proving that the operation was ‘a mechanical one 
not influenced by. the introduction. of the human. element.” Lo adiya nat 


tr Important improvements subsequently added to’ this 1 process of 


accuracy. The theoretical ‘considerations would poise: an accuracy 


a 


topographic maps of large a sport to & toh 


Detailed checks, were likewise made of two other of was 


& River Basin. of the Blue Ridge Carolina. “The 
topography elevations, scales, and . other. details differed, but the. results dis- 
‘closed the ‘same degree of accuracy. The wide differences in character 

a terrain among the three cases offered an unusual opportunity for ‘checking th the — 


a accuracy and applicability” of the method to different types of topography. — at 


odd” Bic to b sit b ayovine of 


_ One of the advantages of aeroplane contour surveys is the great saving in 


‘the time require to prod mae maps as compared | to older instrumental surveys 
he original field observations the aeroplane and camera are so much more 
_ rapid than the transit, level, and plane-table as to preclude comparison. The FS 


ce 


- Plate correction, contouring, and other of 


ane surveys are also relatively rapid and are susceptible of partition to a 


extent that makes for maximum speed. 


ry { 
This advantage i in time is particularly. marked for a lars area bold relief 
and forest cover, as illustrated in the Green River survey. To quote H.R. 


Unit costs. of aeroplane topographic surveys vary with numerous facters, 
4 = mhich the following deserve special mention: notion. Ini bas 


Cay Proximity of suitable landing Protitid: ‘and other facilities. dts 

Situation of the area, , affecting the co cost of flying or of transporting 
ft the aeroplane to the vicinity; wa 


iv 9 
sat Size of the area, over which such costs must an pro-r a 


operations connected with aero- a 


4 ft., plus or minus. obviously is a very high degree of exactness: 


4 


Faison, Assoc. M. ~Am. Soc. C the Resident Engineer who used the maps 
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Shape 

4 (e) Character of the area affecting the labor required, to depict the: 

Contour interval; and 


; Horizontal scale affecting both field and office processes. 


Obviously, these elements cover a wide range, within which costs vary i 7 


othe other factors, including the choice of equipment planet), the: 


gradually being accumulated and. indicate for. the aerial. 
particularly i in topographic surveys of large areas having bold relief and cor a 


siderable growth of timber or brush. Under such circumstances | ‘the data 


available to the writer indicate that aero plane topographic surveys: pet 
- made for a a fraction of the expense required fo r comparable results by 


re. 


“mental surveys on the ground, Tn connection with many projects the 
ay: 
savings that can be ‘effected by. aeroplane ‘topography are ‘the indirect ones of 4 


at) rots pil w 


os returns and less interest on waiting ‘capital by’ virtue of the great 7 
= in time and reduction of the non- -productive éribal devoted to prelim n- 


inary investigation and survey. 


Aeroplane topographic surveys have.a broad field of usefulness. The result-_ 
ing contour maps offer a superior basis for studies of water supply, power, it rri- 


gibeteint? and other engineering projects. ‘The ‘unusual combination ‘of speed, 
accuracy, and detail make the metho d ideal for use in comparing alernating ‘ 


plans for determining ‘the best plan of development. _ The. maps serye for 


reliminary location or project la out, for. “determinin “cate hment areas. 


for capacity curves for reservoir sites, and ‘for many other PUTPOSSA, for which 


topographic maps of engineering g accuracy and suitable scales are used. ‘eaters 


at Accurate m maps can, be produced by. this method with horizontal scales suc 
as 200, 300, 400, 600,. or 1200 ft. to the inch, _ Contow rs with - intervals of 5, 4 


10, or 20, ft., » Or more, can be located. accurately... EF or more general purposes 


_— maps can be 1 produced with horizontal scales of 1 in. to 4 ‘mile,. or more, and 


baa The advantages of. this ‘method. are greatest. in country of rugged topog- 
raphy and Tough surface, but any type of ground can be ‘mapped by. 


q 


= means. The | instruments developed 1 serve with t the same facility to reduce the 
Photographic information to true -scale maps in the case of “flat, rolling, or. . 


mountainous terrain. Simple topographic shapes and the complex forms of 
erosion | and glacial action are ‘mapped with the ‘same ease. Even a a substantial 


"growth of timber or brush; not, defeat the: process. . The: instruments ‘mag: 


the vertical dimension and even where: quite ‘obscured in 
re the perspective view of a single photograph, it r may be clearly visible through- 


out the stereoscopic view. The contours of the ground are ‘uniformly 
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\EROPLANE TOPOGRAPHIC SURTETS, 


byt disc cussion of topographic surveys the attempt t has been 
* “made to state some important elements of the problem which any effort at a 


solution must meet. Necessarily it sets forth the particular method with which — 
the writer is familiar, that developed by the engineers att the Arthur Brock, Jr. Jr, 


Auk 


Tool and ‘Manufacturing Works, Incorporated, which i is fully covered by patents -. 
‘ issued and pending, both as s to the method and the special apparatus invented 7 é 
~ for its convenient practice. _ As far as the writer knows, it is the only method — 4 


Oe HOd Yel 


devised in the United “States for ‘the development of contours directly fror 


= data recorded in aerial photographs, and the one such method of any origi 
to date tl that is accurate, and Sig's 
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OF IRRIGATION DEVELOPMENT IN THE WEST* 


q vl berevoo doid HOI GTOYTOMEL BATO Bei foot 


The Civil Enginee - has long held irrigation n the world. 


fitting, therefore, that the program for a meeting of the Society held in 
the West should concern itself with irrigation matters. mis “be 


wit the? PERIODS OF IRRIGATION History th greater tent 
Within the Great ‘West of the present United States, there ar are three periods 
irrigation history—the prehistoric, the pre-pioneer, ‘and the. modern. Con- 
siderable information is available concerning each of these periods. ts 3 peal ali ro 


The Prehistoric Period.—Irrigation was practiced i in the West mod- 


ern man took "possession of America. Remnants, of irrigation canals and 
Fae tructures in California, Arizona, New Mexico, Colorado, and Utah, bear wit- 
ne ness to dense population that throve under the irrigation ditch, 
The Pre-Pioneer Period—The ‘pre-pioneer } period represents the meager 
attempts at irrigation by those who came into the Great West as | trappers, 


traders, ranchers, and missionaries before 1847. The Roman Catholic Fathers 


established missions i in Arizona, | New Mexico, and California, around which | 


% a were built small ir irrigation systems. 7 Occasionally, members of the great body 


4 vee ‘settled West and raise a crop or more of grain or vegetables. The > Spanish 
‘ ors Government undertook, about 1796, to build an irrigation community in Cali- 1 


fornia, near the site of Santa Cruz, under the direction of Lieutenant 

“Alberto 
ment of irrigated lands were used, but the venture ultimately 
— i8eT all Western irrigation ventures by white ‘men were small and not on fa 


a The Modern Period. —The modern "period began on July 24, 1847, when 
company of Mormon pioneers, led by Brigham Young, entered the Great 
; ay. Salt Lake ‘Valley, and on that day spread water from City Creek over land 


which was being plowed. From this initial experiment have grown the vast 
1 enterprises of Western United States. The modern period is char- — 


¢ acterized by three classes of t enterprises, which succeeded e each h other, althou gh - 


frequently overlapped. @ wot delet The mage 


- Norre.—written discussion on n this paper will be closed with the August, st, 1926, Proceed- 
ings. When the discussion in full, will be published in Trans- 
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: of fur trappers and traders would divert water from a ‘stream in the great un- — J 
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4 flourished mostly until about 1880, although,” ever since » the original Salt Lake ee 
Valley experiment, there have been occasional ventures conforming i in 1 method 

t to the early enterprises. ‘ The pioneer enterprises were not comparable in ex-— 
tent with the irrigation’ ventures of the present. day, but, in view of the diffi- 


eulties and hardships of the pioneer « days, they were remarkable... For example, 
in the State of Utah, in -1865—18 years. after the coming of the first 1 pioneer — 
_company—there had been dug; by co-operative effort, irrigation canals 

4 of a. length of 833 862 rods, costing $1 766 959, and capable of serving 158 949 x 


acres an average. cost of $12 per acre. 


reeley, Colo., is another 
prosperity that attended these pioneer enterprises was so marked. 
 eapital soon became interested. The capitalistic enterprises then followed — 
: _ the pioneer enterprises. It seemed as if the investment of capital in irriga- 
tion enterprises would be safe and profitable. Vast ax areas: of land 1 were — 


of land in We estern America had 


ost o of from $15 to 0 $20 : per acre. Its was ; discovered, however, that 
culties and dangers’ attend an irrigation enterprise that is ‘not 
fostered, supported, and managed by the water users themselves. It seemed 
be demonstrated that, ordinarily, a capitalistic | irrigation enterprise not 4 
potable F inally, it became clear that the development of the irrigated mite a 
— 


while, it was: fully admitted that’ the: development of 
In 1902 Congress: passed: and signed the famot 
a Reclamation Act. Thus, the Federal-aided irrigation enterprises” were inaug- 
This unique instrument for the conquest of the arid and semi- arid 
lands of the Republic by irrigation, provided that the proceeds from the sales" 
of public. lands in the Western States, later augmented by ‘royalties from 
a and other lands, were to be used for the building of irrigation n works. © The vi ¢ 
farmer: was to pay no interest on the investment, but should return the cost 
im easy installments. ‘Thus, a perpetual revolving fund would be created - a 
4 _ which, in time, would utilize all available water on the lands of the western 
part of the United States. to to 
; -» ‘The United States Reclamation Service, in the two decades following aie 
= passage of the Reclamation Act, expended nearly $150 000 000 in the construc-_ F 


tion of magnificent i irrigation works of outstanding merit, brought about 


t 4% to irrigation practice, before unknown i in the history of the world. 4 The a, 


1 pioneer enterp 

4 . aa _ by their own labor and always with limited capital, in the spirit of co-operation, avg 4 
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‘DEVELOPMENT 


in irrigation ventures. 1902 onward, therefore, there ‘was another great 
in the area. 1920, the ‘section had expanded 


Roads and railroads intersected the irri- a 
| 


ty sa gated section and all the institutions and organizations of modern civilization — 
had arisen on the reclaimed deserts: of the West. ‘bed 


would be so troll, ‘as to insure the permanence and prosperity 
the practice, Yet, at this very time, irrigation was, 80 to speak, placed 
ee trial before the people of the United States—and the hearing is not yet ended. 
= ae The older methods of founding and conducting irrigation enterprises | appeared — 
if Pe to be insufficient under the changed economic conditions of the day. § ‘Seepage — 
and other insidious: dangers had developed which threatened the permanence 
of the ‘movement. The humid area called attention tc to ‘its own lands not under 
the plow. Abnormal post-war conditions taised the specter ‘of ‘over-produetion. 
Colonization of the irrigation projects slowed up. The newer ‘projects 
ae carried an ‘increasing acre cost, often beyond the reach of ‘the v water user. ~The = 
water users on the Federal irrigation projects v were not repaying the construe: — 
tion costs, in spite of the fact that several relief measures had been passed making a 


eh Me ‘it easier for the farmers to repay: tt Seemed at first that the ‘Reclamation — 
Service alone w was ‘on trial, but. it developed ‘that the whole. irrigated q 
ae area was under consideration by those who questioned the soundness. of the 
movement. Many of those who raised questions relative to the future of i irri- 
= were friends of the cause, who desired to save reclamation by irriga- - 
hens tion, as they thought, from destruction. Others were frankly enemies to West- 
ern development. During the | last two years investigations | have been made a 
by. the Fe ederal Departments and laws shave been enacted by Congress which 
‘seem to promise that whatever changes ¢ are necessary to make the movement - 
stable and successful will be made. Meanwhile, a new day in ‘irrigation is 
before the people. of ‘the West. There 1 must. be a ‘revision ot principles 


to conform to. ‘Present needs. at duq. to 


4 


at Irrigation is a complex art, involving the applicetion of the best knowledge 
f agriculture, especially the relationships “among soils, crops, and i water; def 


__ engineering, especially of hydraulics; of rural economics and sociology; and of 
the life and response of human beings under the unique conditions always pre- a 
vailing under the irrigation ditch. , ont to- 


It i is not that | 80 an n art, at this time, when. thorough- 


HISTORY OF WESTERN IRRIGATION 
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experiment in ‘shall Yet th 
‘problems, essential ‘to irrigation development, may be classified very simply 


o establish o1 on ‘every ‘irrigation project an acceptable economic and 

—To extend gradually, as economic, needs. demand, the irrigated area 

completing existing projects and by “reclaiming new areas, 


the water resources of the West shall be fully utilized. 


ap of th he 


woman who throughout the ‘years live upon the land, ‘till 
it. yield enough for life’s sustenance. — Capitalist and engineer, statesman and 
tradesman, are. all smecessary, but. compared with the water user, they are. of we 
secondary rank in bringing irrigation development to success: as ‘measured é 
by the standards of the age. The water user is as the great river that drives 
os wheels of the power plant; ; all other workers in behalf of the project are 7 a 
contributing side streams, higher up, that swell the volume of the river. 
4 Be : The tremendous importance of the water user in successful irrigation dew 
velopment has not been understood clearly; less important, although essential, 
= have been stressed. The result has been, too often, distress or failure. y 
on corporate and publie irrigation projects. Experience has given its order, 
“right about face” °—face to face with the needs of the water user. This is - 
—~ modern problem in the development of irrigation in the West. to mabe 
Agriculture under any clime—bumid,. arid, or ‘irrigated—will always re- 
main a mode of living, a manner of life, rather than a business in which much 
money is made. Only those who are content with the normal rewards of rura 
. “life will succeed and be happy on the farm. Yet the dawn of. the: mew agri- 
A culture gives promise that, as a result of his labors, the farmer may participate 
in the joys and satisfactions of progressive civilization. _ His income must suffice 
to: provide the things that the majority of f men find desirable; that is, a ‘prime = 
s concern of irrigation development will be to strike a proper balance between 
a annual income and the obligations of the water user. The income must 2 
— come from the lands; and the “obligations must include all costs of a modest, 
= thrifty, but comprehensive life in this day of the latest achievement; that i is; 
4 irrigation farming must be made profitable. Any irrigation enterprise which | s 
does not make this thought fundamental is foredoomed to failure. © Coloniza- 


tion, social « development, and all other present: needs of ‘the irrigated West, 
- depend on a readjustment by which the farmer can m meet his obligations from 


bis land ineome and yet live life-as men should © © 


4 
ete problem applies ‘to all farming, but its solution varies with environ- 
“ment. The irrigation farmer lives under the diteh. He has a contr ol over 
water not possessed by his brother in in the humid regions. ‘He is not dependent 


om: the rainfall. » Herein-lies a power which, properly used, 1 may free him from 
useless competition and make his products desired ‘by all markets. n addi- 
3 tion, he. lives under a clear sky. Climate and water re-act on crop production 


iarities of irtigation: en environment must: be ‘cap- 
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Then, if the; capitalist, “whether: private or will 
xf construct or support any irrigation project which cannot. enable: the water user — 

to “make a living”, the highway to the solution of thie ‘problem will be reached. q 


Successful users I make successful projects. _ How to make water users 


the Exrension or ‘THE IRRIGATED ‘AREA 


The East had need of ‘the West; ‘and the West has ‘noua of the East. ‘The 


country must be developed as a whole,’ and not in sections. The activities 


os ss Mecessary for the development of the vast resources of the West will cluster | 


a “J about, and depend on, the irrigated centers. The venture in irrigation will 
not be wholly satisfactory ‘until the ‘irrigated area has been extended to = 
full: ‘utilization of the water resources of the West. This cannot be done at 

once; nor should it be done hastily. - Yet, if the work is to go on properly, 
there must be a constant movement toward the full realization of irrigation 

ak THE ComPLETION or ExisTiIn@ ProgEcts 


st al ‘possibilities. The ne newer or of the existing projects a are e not yet well- seasoned, 

a mde of them not fully colonized, and few of them under an acceptable program 

_ of agriculture. They need much help before they can be viewed as established - i. 

early projects were small, the water supply was relatively large, and 

_ the engineering devices were simple. As the population grew, the water was 7 

— to cover more land than was originally intended. As this spread became a 


wider the. depth of water ‘thinner, the danger year ‘became 
projects for 


quires that reservoirs be built to hold back the flood of 
to supplement the present supply, and to’store the excess of the wet years _ 
to serve as a hold- -over supply for insurance against the dry year. y? 

older: projects developed gradually. The first canal was followed by 

Inter canals that merely | extended as project. result is that fre- q 


4 


this’ situation, the gradual result of is chaotic and 
expensive. There is need on many the older projects of ‘complete 

re-organization of canal ‘management, having in view lower operation costs, 
greater return flow, and a higher economy i in water use. cod 


= _. Wherever water falls there is a power possibility. There wen: increasing 


need. of power on the farm, | Irrigation’ by pumping is assuming a higher i im-— 

_ portance. _ The commercial demand for power is becoming larger." Power pro- 
a duction on irrigation projects cannot be ignored. _ Provision must be roads 
for power by the use of tthe: water in streams 
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inrigation | purposes, even ‘if t power generation oceur only 
4 during the irrigation season. Underground waters will be needed i in irrigation 
development, and summer power will find large service in | the: use of such 
‘These and many other ‘problems, such as that of full colonization, in con- 
~ nection with the completion of existing irrigation projects must be given early 


attention. There are hundreds of smal] private ‘projects which, with a little 


help of: ‘the kind ‘mentioned, 1 would greatly i increase in efficiency. We have 


been very prone of late years to value irrigation ‘Secording” to size. 


Although the completion of the older projects, small and large, be 


the first concern in extending the irrigated area, yet the reclamation of latids 7 
remote from etisting Projects, for which water may be secured, must not be 


forgotten. In the main, such future Projects require the construction 


expensive > and difficult irrigation works and Federal aid, with it nterest- 
_ money and easy terms of repayment, is indispensable. Difficult as these struc- 4 


tures may be, high as the ‘price may be, it will be found profitable to bring such | 
lands” “ander irrigation. ‘time, the country will need all its irrigation 


_Fesourees. such projects undertaken slowly, gra dually, 


— 


or 


the whole: West. 


intends to win success. 
ing new projects should be preceded by an meh 


survey and = 


_ Legislators and Courts must be willing to revise irrigation codes, on the basis 


; of modern knowledge, for a full, efficient, and economical develop 
‘Tae MEANS FOR Sorvine IrricaTion -PROBLE 


al og First. —There ‘must be established, within the Nation, a new faith i in ar 


tion. at must be shown that the of the arid and semi-arid section 
“is a National need. The people must be made to understand that the 
2 resources of the West—mining, forestry, ‘ranching, and dry- -farming—can be 


made really successful only if are with ‘irrigated. centers 


rq needs and possibilities of the West. ‘This would include a consideration of __ 
. each irrigation project. ir It would be an irrigation stock-taking of the United 


States. Clear thinking would result, from such knowledge. 


; _ ‘Third—The great treasures of irrigation knowledge won during the last 
4 few decades int research laboratories, o on experimental © farms, and from prac- 


i experience, hould be organized and used more freely. | Within a genera- 
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Pourth— -—Reclamation by irrigation must be approached. 7 
new appreciation of the need of economic and social emphasis. There has 


Ga “been ; a tendency to trust that,. when water and land : are brought together, ‘suc- 

cessful irrigation enterprises will be brought forth. Iti is now known that. this 
is not 80. as well: as physical and 


of which bate befallen irrigation i in recent years 


act 


1—Training ‘must be provided for the irrigation leaders 
ee build upon the magnificent foundations : laid by the ‘present and earlier leaders. 
4 uch +t training must be. m: made to conform. with the best knowledge and viene 


ae ~ of the present day. _ Engineering schools may well accept the responsibility, for 
4 such training, | even to the extent of a partial re- of the traditional 


‘ek some years there has been a growing feeling that the standard pee PS 


course in engineerix ng is so highly technical and of so narrow a range that wi &§ 


graduate i is not able ‘to make the best application of his training ina world 


men and \ women, touching many and varied activities of life, Certainly, 
who i in the future shall take and hold leadership in the irrigation dev: elopment 
of the West, must know, i in addition to the fundamentals of engineering, some 


agriculture, economics, and. law. The engineering schools which 


serve i in the irrigation development of the West, may be obliged to formulate | q 
a new course. of instruction based on the irrigation knowledge and | experience — 7 


‘ing 1 25 to nearly 


his time ex gustive study ‘of ‘the “irrigation conditions of the 
‘West, “especially, as pertaining to the Federal reclamation projects. 
come out of the work with renewed confidense 3 in the of irrigation to 


alt ct 


- the West ‘and to the country as a whole. The difficulties that have arisen, the 
failures that have been recorded, are’ not arguments: against irrigation, but — 
rather pointers to ‘the way which we must ‘tread in ‘the future. Without ques- 


- tion, the future of American irrigation is secure if the means at hand are used 7 
# the solution of the relatively few problems connected with the development ie 


pentive, There. js need ‘many of he eaitilidiceoy 
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THE ‘FINANCING IRRIGATION DEVELOPMENTS BY 
qidetonyo ‘PRIVAT sort bed otets TA L* : 


The ordey ja whioh these: Wi 
4 ‘The substance and the conclusions of this paper are largely the result of 


‘experience in n solving the: probleti' of the ‘Twin Falls: North: ‘Bide Project. This 


185 000 acres of irrigated land. the course ‘of this 
if’ not ‘quite all, the problems ‘peculiar ‘to irrigation | have: been encountere 
_ Among them has been the question of a dependable water ‘supply for the ab 


The question of! an adequate water supply not only affected the “North 
but toa more or less degree most of the: projects in the Snake’ River 
Valley of Idaho. solution lay in building @ large storage reservoir ‘at 


American’ Falls on ‘Snake: River. was a joint enterprise, participated 


n by many, including the U. Reclamation Service. To secure the’ 
the North Side and: ‘other near-by: projects, ‘coveritig ‘about’ 450000 
of irrigated ‘and, 0 organ nized themselves into quasi-municipal district, 
_known’'as ‘the American Falls Reservoir District. _ This district entered into 


contract. with the Ur ‘United ‘States for the bu ilding ‘of the reservdir, an 
“about 800.000 acre-ft. of “storage” capacity ‘therein. “It issued ‘its 


But $2 000 000 to cover the contract and paid the money to the Government. 
This ‘arrangement has proved very satisfactory: ete ib 
will be noted ‘that the lands were already under tha 
new’ canal! construction was "required. The whole object was to remedy a de 


“fective water supply. For’ this ‘reason the’ bonds of the District—6%—sold i 


the North Side; these, and his observations 
have led to the conclusions contained in in this papers” 


- Nots.—wWritten discussion on this paper will be areas with ¢ the August, 1926, Procee 
ings. When finally closed, the ‘paper, be published in Trans-— 


Mer., Twin Falls Land & Water ‘Co., Jerome, Idah 
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PRIVATE FINANCING OF IRRIGATION DEVELOPMEN TS 


Practically, all, the: public ‘domain lying in the hu amid area. suitable for 
agricultural use ‘in its natural state has passed into private ownership and 


is now to a large extent devoted to farming. Iti is true that. ‘much of it is 


capable of increased production, the necessity of which has” for s some 
engaged public attention. ‘There are limits fixed by cost which for the present 4 
vi igs define the extent to w which the ever-growing need of the country may be sup- 7 


It has been found that the arid lands o of 1 many of the West possess 
yi wonderful fertility, and where irrigation was practicable large areas have been 


devoted to. agricultural production. t It would be, interesting to 


materials w which must come from the soil. heread 


the results already secured, ‘the wealth produced, a and the ‘influence on, the 
Nation as a 7 result of the ) present reclamation of the arid lands of the West. 


supports. large systems: of railroads, makes a market for manufactured 
a "products, supplies much of certain raw material, and contributes, a large part 


2 


of the food supply of the ‘United States. Therefore, it may be taken for 


2 
anted that the reclamation of arid lands i is something to be desired, and that 
it should be done at such times and in such | areas as will fit in with the chang- 


Recognizing all this, engineers are | here concerned with ‘the question 
how shall irrigation development be financed. Shall it be by private capital 
‘a out of publie funds? To. what extent is it prudent for the Nation to embark | 
in any business enterprise? | Should the Government participate in, and oll 4 
operate with, private enterprise and capital i in the work, of land reclamation? wa q 

beri Where the land to be reclaimed is in private ownership, and where ‘Sen 
_ is a near-by source of water supply and the problems of storage reservoirs and : 

interstate streams are not involved, clearly such work should be left. to the 


cia enterprise se of the owners of such lands. i Practically all the earlier reclamation 


work related to such conditions was undertaken those directly interested 
and nd was. financed by private. capital, The growth of such work led od to t the 
~ enactment of laws by most of the ‘States, providing for the ‘creation n of i irri- 


gation districts of a quasi- -municipal character, for the construction, operation, 
— and financing of i irrigation systems to serve. the lands within s such districts. 
this. manner provision was ‘made for. the reclamation of larger bodies o 


land i in diverse ownership, but having a common need of Saiendian and capable 
served one irrigation system and from the same source of wa 


Under this system, , which has been gradually perfected by legal enactments g 
- time and experience have shown the necessity, most. of the work of Lael 
under private enterprise and capital “has been accomplished. 
results ‘under this system have not been’ successful, and loss 
of capital and effort has resulted from lack of proper al the real 
_ merits of tL. project, | or its true cost." The losses: under r this system, however, 
were not inherent in in or peculiar to system, but “were due. to. the 
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which produce failures in all miscon- 


| prise ? There are certain questions that must be satisfactorily. answered before 
project 
4 _ ee failures i in n this niet of work to find how little attention was s paid or study 


to the investor and to the trusting 


be The order i in which | these questions will be presented does not signify | their % 
relative importance, as the speaker believes s that if any project ‘will not 
Nd 
the time stand up under, all, of them it should be let alone. until such time 


« 


it will, Some of ‘these ‘questions go to the very vitals of an. irrigation 
project, whereas others relate to the time. of ‘the undertaking. ‘Changed | con- 
ditions may make. desirable in the future that which would now be unprofit- 


able. Satisfactory answers should be required and proof ‘offered as to each 
the following: questions. If doubt exists as to any one, time ‘should be 
- taken 1 to clear it up. | - Practically all the problems, formerly more or less hid- 


den, have come to. light in the disasters of existing irrigation Projects, 80 
that knowledge and information, once guessed at, are now available. 


a 1.—Is the land to be reclaimed sufficiently fertile and its soil aloes 
-. ‘as to produce valuable crops for an indefinite period without resort to es 


a 2.—Is the surface’ of the land such’ as to permit o: of its irrigation without | 


too great expense, having due regard to the class of 1 major crops for which — 


.- 


 8—Can the land be ‘readily drained ‘at reasonable cost, so as to prevent 


its becoming swampy or alkalied, after repeated irrigation? £9 a 


¥ 4—Is there an adequate supply of water available within a 


at all times to supply all the land in the project with the quan- 


‘. ily —Can this water be diverted for this purpose through a canal | — a 
that can not only be built within reasonable cost, but. can be. 
ated a nd maintained w ithout excessive expense set 


—Is the project 80 located w with reference to transportation and 


incentive for its fatm develo ment? wether cA 
tz s there a _ Present _ market, demand or the products for which such 


Ba: is naturally adapted, ‘that under ordinary conditions would make ad use 


the land and its improvement by favorably with the cost, of a 


farm.in: the humid sections, having due regard to character of ‘Crops, yield, 


roduction ¢ 
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FINANCING or. IRRIGATION DEVELOPMENTS (Papers. 

a - oo Is the project so financed to ‘the farmer that it will attract the 1 man 
ae of limited ‘means to locate thereon with assurance that he can an succeed and 


" ov There are other questions that may enter into each particular project not 
common to all, but satisfactory answers + ‘to each of the foregoing should be 
7 made before venturing on the enterprise, and when these are had; then po 


may safely 1 undertake such development ody “OF wig 


The: ‘speaker ‘wishes particularly to dwell on! few of the 
ie question of water supply is one of the most common errors and has prs 


more loss than all the others combined. The ‘discharge of a given 
is not uniform. There are years of high stream flow and years of low; 1 many a 
_ factors enter into it. The information on a particular stream may be ‘unre- a 
_liab ‘Then, again, there may be prior rights on the ‘stream not fully ‘under 
‘stood ‘or. folly developed, , which may later reduce the supposed right. of th the 


project. Too great care cannot be exercised in ‘obtaining ‘accurate information 


on this subject . Many old projects, which ‘were assumed to have good water 


rights, are now findin cis necessary to build storage reservoirs in order ‘that 

flood waters may be accumulated for later use, ‘Od “a9 


ee 02 ‘Then, again, ‘experience has shown that no man can with exactness {feeb 


tell what the ‘transmission losses in a canal system ‘will be. So much of the 4 
water diverted from the stream may be lost i in transmission, that the > quantity 4 . 
‘reaching the. farm may prove inadequate, requiring the area of the project to 


i Ga be reduced with the attending loss of investment. Peculiarities are likely. to 


ta develop i in the canal system, w which | could not.be reasonably anticipated, limiting 
; Ar the farm deliveries. The « question of farm duty | of water cannot well be accu- 


a farm i is, developed a and Peaches 


as e in the use of 


water on his land ‘ca n, only, come with time), greater diver- 


sification of is grown on the projet, less water is required to overcome, 
respects an irrigation project is more or Tess a CASE of evolution, I It t shoul Id be 
undertaken i in units wherever possible, having always in mind that successful 
farming i is t the end and aim of | irrigation ‘development. ‘No | irrigation ‘system 


sorry beet mest Ou TAS 


‘but the ‘exact limit of its growth cannot bé known at ‘the start. ‘Tt, therefore, 
ss is ‘good ju idgment to “finance irrigation development with a due regard peg 


should, or can, carry. its load during ‘its early years; it will ‘grow, 


class’ of irrigation projects and ‘their’ rélation. to capital 


anid enterprise, atid ‘some of their problems will now be discussed. Th most 
if not all the Western States, there are large bodies of land sititable for farms, 
but: involving the’ use of so much’ ¢apital and the solving ‘of so many’ new 
problems that private capital and enterprise hesitate to undertake their a : 


m ation. a taking g the time to review the history leading up to the all % 
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sage by: Congress: of the Carey Act, and the 


brief statement of the reclama 
these acts and some of the ‘results: may prove helpful in the present 


‘Under the Reclamation Act the Government: undertook, through 's a bureau 


"quad for the purpose and now known as the Bureau of Reclamation, to con- 


struct: irrigation works for the reclamation of certain parts: of the public 
domain in the arid: West. The funds for this -purpose came from certain 


revenues of the General’ Land Office and have since been increased from other — 
sources. The details were left largely tc to: the discretion of the e Secretary of the 


- Interior. The reclaimed lands ¥ were made 1 subject to entry, , conditioned that 


j the: entryman should assume and pay the cost of construction, to be thereafter — 
¢ ascertained and published by the Secretary of the Interior, as well as the annual 


cost” of operation and maintenance. Wide publicity. was given to''this new 
field of reclamation work. ji Each State v was active in securing projects, an 


a general invitation was extended. to take up farms thereon. applicants 
were many, and a system of drawings not unlike a lottery was provided. eins 


| The first noticeable result w was. that a large part of the lands were drawn 

by. those not expecting make -called farm home. ‘Then: came the re- 

alignment. As the construction ¢ cost to be paid in small 

4 without interest, commencing after the cost. had been ascertained and an 

oF nouneed, and as there was : a general expectation that this cost would be much a Bey 


Tess than ‘that of a private enterprise,  entrymen were able t to, and many did, 


; sell at ‘good profit to those unlucky at the drawing. 8 So the unearned incre- 
‘ment was guessed at and quickly capitalized, and the ‘final holder of the land 


got it at about the going price of other lands, and subject to; in ‘many in- 
stances, an construction cost. wie Brod 


AD ‘this, however, is aside from the real work of reclamation undertaken 


by ‘the 3 new ‘Bureau, and ‘much of the criticism growing ‘out of it should rest § 


on other shoulders. Great ‘care was exercised in the study of each project, 
and in the: water supply therefor. ‘The work in most, if not all, projects 


at 


was well done and a credit to those i in charge. “However, the cost frequently 


exceeded that: expected by the entryman, or subsequent purchaser, and is now 
the subject of much controversy. | ‘The: usual consequences: of land speculation — 
induced by the World War are now in ‘evidence whether t this could have 

prevented does not enter into the question being considered. Tt will be noted, et 


| : in passing, that if the Government does finally absorb ‘some of these losses, 


‘ita must do ‘60 for other reasons’ than that the Tands and irrigation works ac 
quired from ‘the Government were not worth the charge. to ta 

oad ‘The real question is, “Was the work worth what it There may 

some projects where it is not. ‘Tf 80, the speaker is not familiar with them. 

‘Tt should catise tio surprise in work’ 80 extensive, coverin such great 
diversity of conditions, there have been some errors of judgment. CY yore ony 


At about the time of! the | Reclamation Act, another known as” ‘the ‘Carey 

was passed, having the same general object i in but under which ‘the 

work “was: tobe undertaken by State supervision. By: ‘this: “Act ‘any, State 


having’ arid of the’ publie ‘domain within its ‘borders ‘capable of irriga 
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tion, might’ have a limited part of it to the State, to 


conveyed by Government to the. State on showing that irrigation 


The in turn, to enact suitable legislation to secure this desired 43 
are 


; result. As part of this ‘program the State was authorized to enter into con- 7 


a tracts with such: construction companies as might: desire: to engage in the 


Ww work of building irrigation systems for the: reclamation of certain designated 


lands i in n -were to be open ‘to entry, ‘conditioned ‘that the entryman must, 
first have purchased : a water right for use on his. entry from the construction 

. The water right consisted of a certain proportionate part of the 

canal: “sys em and water secured for the project. State, its contract 
Construction Company, fixed in advance the price per acre to 


paid by the entryman for such water right and the t terms of payment. , The | 


ie 


Bh. and were by - the State contract made assignable to a trustee, as security for 


. an issue of bonds out of the sale of which the funds were to come with which to 


construct the works. The essential difference, it will be noted, as far as the 
entryman was concerned, being that under the Carey Act the price was fixed, 
; ; whereas under the Reclamation / Act it was indefinite ar and left for determination — 
24 a after entry. The result was that : many Carey Act projects: ‘were started, par- 
uns ye % ticularly in Idaho. No end of trouble ensued, as may well be imagined. It was 
something new. Many contracts” were loosely drawn, and endless litigation 
‘aa Bp: At the start the State used every endeavor to. induce capital | to. sie r 
3 in these enterprises. Engineers readily ‘pointed. out the great opportunities. 
“i = bond houses saw a chance at profitable financing, and soon, without 
ee to the careful study which has been pointed out, numerous projects were started | 
ae: and people rushed to them as to a new gold field. _ These Carey Act projects _ 
have been more or less of a disappointment. and tomany. 
Po or _ The root trouble in most of these projects grew largely out of two causes: 
. First, under-estimating the construction cost, which fixed in advance the sale 
7 a price of water rights; and, second, over-estimating the available water supply. 7 
ve These companies were held to their contracts on the question of price and the 
Courts required the areas to be 1 reduced to fit the water supply, where it could — 
a This was the first big venture of the general public in irrigation invest- 
ment. It proves nothing for or against the broad question of the legitimate — 


“1 development of ‘arid land by irrigation, but it does lead to the inevitable con- 


on 80- -called water-right contracts ‘were made a lien ‘upon the land they served, 7 | 
q 


oa Te clusion that left entirely to the direction of either State or Nation it has’ 


Growing out of the experience of the work of the Reclamation. Bureau and 


fe the’Carey Act companies, and the fact that they were often. both looking to 
: “e the same source of water supply, came the Warren Act, , which permitted of 
joint undertaking i in _ building reservoirs. This. Act was followed by others 


engouraging co-operation between all irrigation districts and companies with 
the * of Reclamation in the work of conserving the il 
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IRRIGATION DEVELOPMEN a 4 


the seater: in the correction of many of the original 
A example of such | may be found in the of the 


‘are gradually being corrected and of acres of: 

are now being successfully farmed as the result) 
Although there are > some areas of land in private ownership yet to be re- 

claimed, that may undertaken. safely by private ‘capital, the largest area is 

a that of the public domain 1. Therefore, any effort : to reclaim these | lands ‘must | 
in some way be connected with the Federal Government. ft, therefore, 1 remains 
to point the way whereby this may be success ssfully done, and these great waste 

be made a source of wealth to the people of this Nation and help supply 

their need as the time may come therefor. This question has engaged the 
attention of Congress for many years and numerous measures have been intro- _ 

duced, but as yet no one measure has met with general approval. lasted 

In view of all this, it may appear presumptuous to offer a ‘suggestion, but 
the speaker will take the risk.. The Federal Reserve Banks, the Federal Land 

Banks, and the Joint Stock Zand: Banks: are a all examples of business enter- 


prises fostered by the Federal Government, and. they have functioned well. 
iy Can a way not be found in them to meet the. reclamation problem? — In them 


certain public service is performed. under. private direction and by private 
eapital, supported as necessary by the Federal Government. rites 
Why should Congress not create a corporation, the ‘capital stock, at least 


in part, to be contributed by the Government, , and its general powers, rights, 
and duties to be fixed by the Act? Its board of directors or managers, or a 
part of them, could be appointed by the President. Such corporation should 
independent of any bureau, but connected with the Department of ‘the In- 
terior or Department of Agriculture in much the same way a as the ‘Reserve 
Banks: are connected with the Treasury. ‘i The business of such corporation 
should be the reclamation of ‘the waste lands of the country, either those of 
| the p yublic domain or State, or in private ownership, and whether by =< 
drainage, or other -means, the work should be be so ordered and carried 
on from time to to time : as the demands on the agricultural resources may Te 


= and not to the prejudice of the ‘present farmed areas, by unduly ‘imereas-— 
the available for cultivation, and under terms and conditions 


pass ‘directly to ‘tual farmers on suc 


reasonably met. Such corporation should have the issue its own 


_ ernment as ‘the bonds of Federal Land Banks, and should take o ‘over, complet oc 


liquidate the existing Government projects. hodg 


‘The advantages of such a corporation would be to take the reclamation 


problem out of politics. It would assure the orderly working out of these 
problems as the growth of the Nation demanded, and not to the harm the 


agricultural population. It would secure the advantages of private skill and 


a continuing policy, improved and d eloped with ; 
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and experience, of administrations, wo 
enjoy Government : support and restraint in case of need. It would work great 
economy over the present method. would continue to function long 
oe j as the opportunity, existed to add to, or improve, the: areas capable of agri- 

ae ‘cultural production, and would carry on the work when and. asthe needs de- ; 


te ai . The foregoing suggestion is presented, without attempting to go into details, 


im the. hope that it may set in motion some satisfactory solution, of this prob 


sha 


oe lem. The conelusion is, therefore, that for the present private capi 


venture in assisting those projects in private: ownership which 
the. general rules ‘previously stated ; also in the refinancing of proved: going 


projects, or in financing their improvement and further. development. Should 
fit. to provide for a eorporation such as: that ‘suggested, 


thing better, ter, a way may be opened for the further safe utilization of private — 


Let us profit | by. past experience ; it has been an expensive an dain but out 


of it has come the knowledge of the weakness « of ‘the methods employed. ‘to 
the desert’ to -profitable use. J ust as surely as. the day will come when 


| these lands will be put 1 to beneficial use will engineers be able to outline a safe 
and sane, orderly, and timely: way do Until this i is done, except to’ the 
i limited extent noted, irrigationists are not in a position to invite private cap- 
‘pan, to brroe d esl Siok vd hexit of of esitub bas 


af 
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PRESENT POLICY OF THE UNITED STATES ‘BUREAU 
_ OF RECLAMATION REGARDIN G LAND SETTLEMENT? 


T we: nty- y-thiee yeats ‘ago, Congress. passed a an act for the of arid 
lands by irrigation. “Since that time, about $200 000 000 has been in the 
construction, operation, and” maintenance “of canals ‘and’ f reservoirs, and the 


bal ding of drains. This money has come principally from the proceeds of sales’ 
E of public lands, leases of oil land, and repayment of construction, operation, 
3 maintenance costs by settlers. For all” practical purposes it has ‘added 


"another! State to ‘the Union.” Homes have been made for 130.000 
people. | The farms créated out of land once worthless are'v ‘at $300 000 000 Pi; 


_ least, and the towns and cities have had a great increase in ener wealth. A 


12 


The crops produced in 1994 are valued at $66 500-000 and this annual value will z ; 
E- be increased when advancing technique in agriculture and further subdivision 
3 


of land have persuaded the reformed cowboy that irrigation on horseback is 


he first: conception ‘of the made reclamation mainly “matter” PUR . 
- engineerin g and construction. Tt was the popular opinion n that if water were q 


_ provided, irrigated agriculture would follow, that settlement ‘of land and farm 


development under canals could be left 'to take care of themselves. funds 


_ were ‘provided to aid in such —on and the help which could be inciden- 


In the line of its main activity, the Reclam ation’ Service ‘has made 4 record 


~ 


=. 


The loftiest dams in thé world are on n these projects. Many had to be built in 
‘remote localities and numerous difficulties had to be overcome in handling 
torrential floods and deep foundations. Speaking generally, the engineering 


on the twenty-four p projects: of the Bureau fori an enduring ‘testimonal 
4 the zeal and capacity of the engineers of the Reclamation ‘Bureat. The 


_ writer does not believe there i: $ any’ service in any country ‘which has a more’ = 
—- of designers than that at work in the Engineering Head- as 


quarters of the ‘Reclamation’ Service in Denver, 


Fs ‘The operation | of these projects has been difficult because Wate ida! had to 


it be delivered to beginners i in ‘irrigation, to whom its methods and practices were 3 
‘They had to overcome great obstacles in'the preparation ‘of their land, 


and do this i in too many instances without adequate capital and ‘without credit: mi 


Notrre.—Written discussion on this papér will be closed with th August, 1926, 
a When finally closed, the paper, with discussion in full, will be published in Trans- 
si 
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suited heir these individuals, the project 
ene. 


os intendent has been a a conspicuous as and patient target for bricks hurled when 
had to hit some one. Few bouquets a: are bestowed. tee 


As far as the plan in the construction n of works is involved, the organization 
‘the ‘Reclamation Bureau ‘has taken a permanent and s atisfactory form. 


These features of the 1 Bureaw’ operations have passed beyond ‘sphere of 


‘evolution and need not be further ‘considered, but social and economic forces” 


rie render it necessary that present ideas as to what the term, reclamation, should 


_ include, should ber revised. The increase in “construction costs growing out of 


vie the World War ar, , the greater expense of everything that goes into the develop-_ 


ment and operation of a farm, and the depression in n agriculture, have made 


was passed. Together they 
; 4 render it inevitable that if future reclamation is to Ss made a solvent enterprise, 
plan: new projects” must include settlement and farm and 


they must be made an important part of the Reclamation. program. 


Projects authorized the last (68th), Congress, but on which 
and on on which works been | 


be MD 


= land. that i is to pay costs is unimproved, 
of ‘it. ‘remote from ‘markets, and in some instances having 


‘such that preparation for irrigation will be expensive. ‘The 
nvestigations preliminary to the undertaking of these projects, included the 
by « competent boards familiar with local conditions, of the prob- 


able cost of changing this raw ‘land into bahitable farms, and on these seven 


oft 


Oo 


$10 000 per. ‘or, roughly, $100 per § acre. Combining the cost ‘af the : 


water viele and the development ‘cost of the farm, the settler will face an expen- 


indebtedness of from $200 to $25 an acre, before he has grown a 


- crop or has established the > productive value of and and water in irrigation. 7 


Bs an outlook? — Under the Reclamation Act as it now is, which makes no pro- 
- vision for the organization of these settlers, for giving them expert advice and 


- direction i in farm development, and | provides no means" of advancing money to 


supplement. their own capital in farm development, will they consider it an 
2 If left to carry out this, hard and costly work where they have 


to shift for. themselves, will they | be attracted to these projects, and if they 


4 


come, will they succeed ? _ The experience on the older projects is overwhelm- | 


ingly in the negative. and atostox q ovods to. noi 
i egal On one of the projects which. has. been in operation for fifteen years, where 


‘the soil is good, the water supply, ample, and where skilled cultivators are 
oy growing high-priced crops, half the | land to- -day is unoccupied, 20% is culti- 
- vated by renters, ! and only 80% by owners, and they grow crops: of low acreage 7 


Ry lue. ‘The money that has been lost by ‘the. Government on 1 this project in 
“operating an. undeveloped property, would have financed the development: of 
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AND LAND ‘SETTLEMENT 


_ tion of works, ‘the total income | since the outset— —and that. on | 


cultural” program,’ These examples might be multiplied. They furnish 


weighty reason for determining i in advance how the land i is to be settled’ and 


how ‘the farms be made productive before. ‘the project is approved and 
+h 


‘There is im mportant reason: for doing this. Two- thirds of all 
land on the older projects was in private ownership when ‘they were ‘author 


‘ined. & Inflation of land prices, misstatement of conditions and i improper use 


of the arts of modern: publicity: led to these. lands being unloaded on 
. _ formed, over-sanguine p people, n many ‘of whom had n 10 farming exp experience and 
who ba broke down when confronted with the ‘obstacles which they’ had to | 


“ond The greater part of the land in four of these new projects is privately ai a. | 

owned. In: its dry state it has little value. ti is doubtful whether the income bai a 


from it more than pays the taxes. The owners are widely scattered. 


all lack money to improve and cultivate, and a a still: larger number lack any 
A 


F desire or intention to do ‘0. V What they seek i is to have the Government close 


“its eyes to the future, trust to blind chance, and spend millions of dollars in > 


building reclamation _ works. If this is done, however, there is s danger that it 


will be followed by an inflation of land prices similar to that which occurred, a 
the old projects. gd ea od Jou Mow 


The relation of private ownership of land to the social and economic value 


these works built with Government cannot, therefore, be ignored, and € 


3 
= has recently been ‘conducted : an economic investigation in which : many 2 


of these land owners have been interviewed to ascertain what they believe their | 
¢ land is worth, what they will sell for if the irrigation works are built, and i: 


what terms they will give ‘the purchasers. They have also been asked to indi- 
g : cate, in case they do not sell, their ability and willingness to farm, or ‘to turn 


_ their land over a the Government and form a part of a co-ordinated scheme = 


OD 


- ‘The responses confirm past experience that unless land 1 prices are fixed ie 
advance and a program of settlement decided to its final result, the bu ilding « of ak Le 
these works: will involve the Government i in heavy losses. Farm development 

will be § 80 slow that not only will the Government be kept out of the return * 


of the money invested for many years, but operation and maintenance | expense 
_ will either be a ruinous burden | on the settlers, or have to be paid out of the 


| 


would seem, , therefore, that. one of two courses should be adopted. ‘Either: 


ram If this latter is done along lines that are in ‘any sense expedient, no 
ti is felt that nearly these will be productive 


a period of iiteen years—has not paid operating expenses. On the _ 
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in the’! past, ‘nd that they’ will prove solvent enterprises. olf this is’ 


done; the ‘Program must include: the he following: 


1—The farm must t bee small ‘and must be intensively 


way can returns be: ‘secured that's will justify the ‘large: investent, 


ve 


of this. He could not do ‘it vat all: unless money 
were! advanced from» some ‘source not) now available, and a credit. scheme 
applied to settlers without capital would be financially. ‘unsound. The posses- 


_ sion of some money is in most instances an indication of the earning and say: 


ing ‘ability required i in this work. enw lO, ba: 


Any development scheme will break down that ‘is based | on the ‘idea that 


4a settlers can be secured who have sufficient capital of their own: The records 7 
aah of the Reclamation Bureau show that 70% of the applicants for farms have — 


less than $1 500 capital, and only about 10% have than 500. The 


a id number « of settlers who have from $5 000 to $10 000 is ‘80 small that it “must be ‘a 
ignored. the s settler with $2 000 capital is accepted, who takes a farm that 


tional $2 000 ‘that is needed ‘must be provided from some source on’ terms: 
from. those which local banks or private enterprises 

do give. Money for changing the raw land into farms must be advanced on 

long-time payments at a low rate of interest.) OF 
_. If this is done, there must be on these 1 projects, an agricultural or kal 


a - superintendent, » who will oversee these advances. and watch the expenditure of 
em the money, because they will not be made as loans but as ‘Service, mi not turned 


aoa over to be, carried, around in the pocket of a borrower, but used to | pay for 


definite. and necessary improvements, If such a plan as that is, put into 
- operation and th he money is furnished by the Government, then, the Govern- 
ment must, own the land on which the improvements. are made. In. ‘such a 
case, this advance for improvements; is underwritten by. the 
oy vided by the. settl er, and by the fact it: s the value of the land 


With. such advances, to be repaid under an plan, with an interest 


the the man with fro 


condition of cultivation by the owner should be maintained. It would be 
little less than a farce to furnish all this assistance with the ules that it was 
to enable a desirable family to | be 1 planted permanently o1 on the land, and then 
permit the farm.to be sold to a non- -resident land o owner, , who. would install a : 
The last (68th) Congress passed a bill providing for the selection of 
settlers and empowering the Secretary of to fix, “amount 


which is owned by the Government. dit of Vo ft. itt 
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tion which should be included i in a settlement p program. as ‘The was a 


qinggoduced the Senate, by Senator Kendrick, and i in the House, by Con- 
gressman Winter, ‘which’ provided: for the’ employment of ‘¢ompetent. persons 


to act as advisers to settlers in n farm ‘development, for | the subdivision of lands vy 
into farms and farm workers’ homes, and for making advances to settlers to bh 


enable them to complete their farm improvements up to $3 000, the settler to 
furnish 40% ¢ of th the money for all improvements on which advances were made. — 


This bill passed the Senate and was favorably reported i in the House, but 
‘= encountered opposition from members of the House who believed that the State Be as 
shou ‘take charge of the sub ivision and ‘settlement of the land and furnish 
‘the money’ needed for ‘advances in ‘development. ‘Provisions requiring this 
were | Angorporated in appropriations for. three new ‘projects, and the Seeretary 
of ‘the Interior was authorized to incorporate. ‘such provisions. in a fourth. 


«This legislation was opposed, in | part, because it applied only to a few projects ms 


and not to others, and by those ¥ wh ho do not believe the State " the resources Tee 
_to enable it to carry out ‘this ‘part of the 


have: further consideration in Congress. 


Whatever authority takes charge, no one who i 


itions 


on ‘the’ older projects and who realizes how. much greater the “expenses will ae 
oe. the future, believes t at a success can be. made, of f reclamation under the 
- Suse OF ID 67 
methods: of the past. Not only. must the settler have ‘financial aid, but there a 
must be i intr roduced into the social and economic life of these new communities ; a 


_ things ‘that will enable people, by working together, Sida ke, farming 1 more — 
profitable, to. cut down expenses, and | to give them, a sense. of ermanence a ie 


security that “is too often ‘absent. Long- time payments, community and 
i. vill Gi 


at has play e “too arge a part in ‘the development, of new farming com 


the 
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ene LAND SETTLEMENT OF IRRIGATION ‘PROJECTS* 


By Aveustus Gawrm,t M. 


- There are. many different aspects ; and phases ‘to the maiheuna of land a 


‘ment on irrigation projects. _ The subject i is s treated with the intention rather: 


to suggest ‘ideas for consideration and discussion than to attempt any thor- 


ay 
ough ‘treatment, “even of one phase of land ‘settlement. The word “promoter” 
i: has been used i in a broad sense to o include ¢ a Government, « district, railroad, or 


oot 
private colonization agency. Tt i is realized that the m manner 0 of financing, sale 
ated of land and water rights, collection of charges, and heading of settlers, varies” 


so widely 1 that in a brief paper suitable distinctions and | geal of 
ents cannot be made to conform to all conditions. 

There are probably ve very. few irrigation projects under which closer set- = 


tlement is no t possible and desirable, but ‘many of the settle ment problems 
a have in these cases been solved or have become modified by local conditions. 


4 ISOM | Jia se99008 GRITS 9s 
solated 


; This paper, therefore, will be direc more particularly to the large i 


projects, developed on desert or sparsely settled range or dry- -farmed areas, 


_ where the: existing population is a small factor in necessary settlement and 


the settler is a pioneer, 
As soon as the first dollar i is ‘spent on a project, ‘the anneal charges begin. 
=: ‘First, there i is interest, then maintenance, and the annual charges of manage-_ 


and operation « of the system. A large part of, and possibly all, the orig- 
- inal capital investment must be made befcre any returns can be had and d the 


“investment has been increased by accruals of interest and annual costs. i ff 
a Only when water is actually available can settlement actually start. Settlers 
are a necessity, for the returns on the invested capital must be pmoduceil from 


the: land through tl ‘the of farmer ‘settlers. Money, energy, and art are 
required to make a “new settler” out of an ordinary n man, but the art has been 


well developed and when the money is available the energy is easily commanded 
a by well-tried methods settlers are obtained whenever economic conditions - 
are. favorable. a The foundation is laid for one of the the first and most im-- 
portant settlement problems, r namely, “dissatisfaction” A family which pos- 

ue sibly had no intention of moving has been persuaded to sell, move a thousand 

. a miles or so 1 to a new district, of which it knows | nothing, to engage in business 
wholly new to it, under new surroundings, ‘and among strangers. Possibly 
finances were inadequate or the personalities and training « of the members 


Behe. of this family such that they were foredoomed to failure or to a long struggle ; 


fer NotTe.—Written discussion on this paper will be closed with the August, 1926, Proceed- 7 

ings. - When finally closed, the paper, with discussion in full, will be published ‘in Trans- — 

Presented at the Summer Meeting, Salt Lake City, Utah, July 8, 1925. 

"ied + Supt. of Operation and Maintenance, Eastern Section, Irrig. Bik., Dept. of Natural Re- | 

sources, C. P. Ry., Brooks, Alberta, Canada. 
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;. traffic for a railroad, or to sell somebody’ S ‘surplus land: The promoter then 


4 may have two definite objects 3 in view: First, to secure a return of the invest- a 


“ment; nd, second, ‘to populate and. develop. the ‘Project as a National enter- 
prise or to create traffic or other kind of business. pioneer often 


portant that he, ‘as an agent in accomplishing them, is entitled to =. 


Tf the settlers on a project are prosperous, have their farms paid for, or 


see that they ‘ean pay in a reasonable time; ‘in‘other words, if they 

; making money, there is no serious settlement problem. The problem, in fact, 
‘is to bring ‘about this highly ‘desirable state affairs.) ‘OF 345 
a ake It is necessary, therefore, first to have settlers, and the p proper kind to 0 get and 

' ‘the: proper way to get them are large subjects in themselves which will not ‘be : 
SS in this paper. It is s sufficient t to repeat’ that the art of g getting settlers ie 
is well developed. “Most new settlers find themselves on the project that some 


4 
“colonization organization has chosen f for them without any very clear C01 


poets 
sciousness of how they got there. ‘Fortunately, many of them feel that 1 they 


a arrived there by their own choice and initiative and this undoubtedly reduces _ 
the percentage of dissatisfied ones. ‘Within certain li limits the newer the project 
and the less development it has, ‘the easier it is ‘to get ‘settlers, as there is gen- 
_ erally the talking point of large areas of cheap land to choose from, with | 
chances: for speculative i increases in land ‘values, and the absence of actual 
trials and failures permits a a freer scope in painting the possibilities. irs ints a: 


There is undoubtedly much room for g greater care and judgment | in ‘select- 


and others who, for various. reasons, are foredoomed to. dissatisfaction 


fatale it has become a saying that the first two crops | of settlers will fail 


that the third 2 and following crops may achieve success on the pioneer 
work of the first two This is not strictly true, and it is | probably more nearly 


‘—- to say that: the successes of the first two crops, even if ‘comparatively oe 


4 

4 - As the first settlers come to a project, they face a complex and critical set za 


“of conditions, although more often than not they do not realize this. They are & 
; fal of hope and confidence, based mostly on the rosy tales of salesmen. © They 
~ are strangers in a strange land, among neighbors as new as themselves.’ Even 
‘if they have farmed before they are facing a new type of agriculture, and this 
is is usually true even if they have been irrigation farmers before. a 
vigation experience may not be much of an asset if it has a 
ent irrigation practice, under different conditions. The writer has: come to— 
| opinion that the man who will succeed is the man with tenacity of 
| common sense, and with the ability and 
" to work hard. It is likewise essential that he and his family be of one mind, 


are traceable to dissatisfactic 
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or other members of The. previous occupation or finances are of 
— lesser. importance, although other things being equal, there i is no question that | 


a man: With previous farming ¢ experience is a better prospect. A certain minimum 
Ce amount of capital is necessary for any particular set of conditions and larger a 
4 capital will undoubtedly enable a settler to get on a paying basis. sooner if it 
is judiciously used. Too often, however, the s settler with ample capital dis- 

 sipates it and sets himself back by the amount of time consumed in so doing. 


Conditions vary greatly on different projects. On some, the land native 


oe sod which has to be broken; on others, it is desert land, ‘possibly covered with © 


brush. In others, the land lies perfect for irrigation that water 


diture 


of capital, of ‘time, honey. “must be ‘mado in smoothing, leveling, 


equivalent to a year orn more use of ‘the land, and up to $50 per acre ate not | 
uncommon... If, the settler purchases. 40 to 160 acres of land it. easily ‘be 


a number of | ‘years: before he can shave all of it ‘Prepared for irrigation 


proper sequence and proportions. of th the various preliminary, operations and 

the economical. use of time and money are very important and this.is| ‘where 
way 


On. large projects it wil take a number of years to complete settlement 
and. it-is. desirable, to. settle it by. units, ‘preferably. on the best or mosti favor- 


a ably located. land, giving, also, due consideration to operating economics. Scat- — 


¥ _ tered ‘settlement increases annual costs and hampers the development of the 7 
leu The crops which can be. raised successfully marketed. profitably are 


— 


among the. most important considerations. Alfalfa is the one staple common 

to. all projects. in the United States and Canada; which can be grown success- 

; fully and for which markets can be most easily developed, but. even alfalfa 

s growing usually goes ‘through: a period of depression when the supply exceeds 


= the local demands and before the livestock industry has caught up with it 


Generally speaking, irrigated lands” are adapted toa wide variety of crops 


which a become a drug on. the market after th the local demand is ‘satisfied and 

until, the, community is. sufficiently organized to develop markets, 0 or until 
the supplies are large enough to induce outside buyers or industries to come 


The: new settlers must get acquainted with neighbors, adapt them- 
to the new country, learn its climate, amalgamate themselves into’ 


munities, create a social structure of schools, churches, business centers,  ete., 


study agricultural practices, and learn to prepare land. for irrigation a and to 4 


raphy, climate, ‘erops, matkets, « ete. These tend to uniformity on 
project, due to uniformity of conditions, ‘patterning after practices on similar 
a ‘projects, and to the necessity of adapting them to the design of the irrigation — 


they will differ: very materially on a system 
a 


of land ‘preparation ar and. irrigation adapted to conditions of soil, t ‘topog- 
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4 irrigation system only, no allowance being ‘made for drainage and reclamation 


LAND ‘SETTLEMENT OF IRRIGATION PROJECTS 
through: a long gi adually changing from a continuous-flow to a 


_ “There is' a natural and usually unavoidable tendency to excessive use and de | 
misuse’of ‘water in the early years, for which poor land preparation due to 
_ lack of knowledge, time, and capital, inexperience in irrigation, excessive 
water: supply, ai and i 1 ignorance of ' the dangers of over-irrigation are contributing _ 

The next step in irrigation development folowing! is the appearance 
of seepage, a rising water-table, water-logged land, and alkali. picks ‘These: fre- +4 
"quently appear on n land that has just previously produced exceptionally good 
crops with little. or no irrigation. and may cause widespread consternation. 
Probably, in most cases, these conditions are not actually caused by ae 
waste of, water, but the date of their appearance is advanced by it. Most dis- 4 


_tressing conditions may result. Farmers whose equity in.the land is oo 1 
may moye away, others. sell ata sacrifice, while others must stay and face cour 
| ditions. Remedial n measures are > necessary, but there 1 may be serious obstacles in 


the. way. The price | of land was probably. based on the construction of. the 


8 injured land. _The settlers place the onus on the ¢ promoters ; ; the , promoters — 


a - disclaim. it. if the land is largely : paid for by the settlers, the promoters can 


wash their | hands of responsibility. ‘ It ; may develop as a problem not directly — ‘ 


‘associated with ‘the irrigation system. . loss of time almost. surely results 


during which the. ability of much land to produce crops is impaired | or de 


Oty 
Extensive ‘studies ar are 
"required an nsatisfactory and obscure features and ae: 


many still unsettled with respect to drainage and reclamation of 
alkali lands on a paying basis. ‘On 1 many existing projects the water-logging 
& 


and alkali problems have been solv ed, some fortunate ones have never had them, — 


whereas on others it is so serious as to impair the soundness of the project, 


or to result in a lower type of agriculture. There are cases in which serious i 


’ errors of judgment were made by the promoters with 3 Tespect to ‘the suitability a 


bel of land for irrigation or to the econcamis soundness, of f the development. act 


Given sufficient money y and authority, engineers can build an irrigation 
"system, and, also, to man engineers i in the past. the design and building of fe a 


the system has seemed. an end i in ‘itself. It has | given them opportunities 7 


express their personalities and theories i in design and execution. “They ave 
recognized, or r have ignored, the 2 fact that the diverting the canals, 


using the e irrigation water as an instrument in production. They must not 


only pay interest on the construction cost cand | eventually extinguish the prin- 
isi but they must also make payments on the land if it is priced separately, 


al operation costs, taxes, _and farming costs, but must themselves 


s ive, with | ‘such degree of comfort, , and with such of “the social and material — 
conveniences and luxuries of life and with ‘such margin of income over expen- — 
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diture as as. tha at bettered, or stand to the 
previous condition and opportunities of themselves and their. fam nilies. Tt is 


days and those who win n soonest and surest,the comforts and luxuries of life 
* are those who practice frugality and self-denial. during this period and who 
“ -build up a capital reserve of productive land, equipment, and bank account. . lew 


rests ‘The irrigation system then should be be designed as an instrument of service ‘ 
the farmers who will come ‘after, and as cheaply as possible so. that the 


must eventually p pay for it, will be as little as possible. 


: construction ate the sy system m and 


with m maintenance operations as 1s the n ne en postible 1 to enlarge 


4 canals” by promoting ‘scour, possibly causing the coarser ma erial 1 to depos 
where it can be used to banks. Much of the finer 
uidtsetial may be automatically disposed of by being carried to th irrigated ; 


; lene It requires more courage, self-restraint, and good judgment to build a 

cheap system than to build an expensive one, especially if ample funds are 

irrigation system. should be designed and built for. and ‘it should 

be maintained and operated for service. The watéhwoud f every operating 

“service” or twenty- four ours every day—personal 


more than in “delivering 


policies, and records are necessary, but these should be drawn 
serve the best interests of the: irrigators, individually and collectively, a and 4 
‘not to st suit ‘the convenience or swell the pride of the. operating ‘ongeateation or 


The system should be o operated 80 as to contribute in the greate 

- degree possible to the productiveness of the land an the prosperity of its pur- 


7 a ‘chaser. Every member « of the operating organization, from the head downward, 


4 
gphould be | “ordinary folk” with the farmers so that they can achieve a 
pathetic un ers anding of their personalities, problems, and aspirations, and, at 


fey the same time, show the farmer that certain rules and restrictions are neces- 


sary to an orderly conduct of business and in the interest of the and 

i the individual. | One of the troublesome features of irrigation ‘farming i is that 4 


each farmer must give ‘up some of this individuality and freedom of 


‘gatisfy the relations of irrigators to each other. 


_ An organization, or organizations, either established by t he promoters or by 
agencies r experimenting with and introducing new crops, educating 
the new farmers, developing markets, and guiding the evolution of farming and 


irri tigation practices, _useful if if not absolute! Such 
organization should keep i in close touch with, farmers, not only to disseminate 


ideas, also to. gather and distribute the cumulative experience of the 


rmers themselves. _ ‘The operating staff ‘can, with ¢ adv antage, b be organized to 
rm such functions, b but if an independent organization i is eveloped 
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has, ‘some years, a very equity in the land 
therefore, but little incentive to stay, v ‘he is xetting good ‘rettitns: lan 
Ne is cheap, settlers ‘will | incline to purchase too’ ‘much. If times are bad, =“ 


the settler gets discouraged, has no anchor to hold him and can abandon 
his land with but little loss - In such cases it is more than ever neces sary ; 
— to pick ‘settlers carefully, to be sure they are the ‘Tight ‘type, that they have oe 


wie tar 


4 at least a minimum of capital, and to have an "educational ‘organization ‘to 
help them and supervise them carefully. iitw bomrasis meed svac 


Settlers will cost the colonization department anything from a few dollars 


‘geal bed. rect 


each up to several hundr ed, ‘or even more than $1 000 each, and as little - money > 


should be wasted in unproductive expenditures for’ this 


is in 
‘ hundred dollars abandons his settler should be dealt 


individually on the merits of his personality and his ‘situation. It may 

om a good investment to make concessions to him, or, on the other hand, i ee: 


may be the best kind of business and a real kindness to him to close him out. 

_ Every effort ‘should be made to have each farmer ‘increase his equity in the 

by even | of small amounts, on his cor contract and by productive. 


roportion to his means, or the purchase y of 1 unnecessary or r high ‘priced equip- a 


ent and live stock is a drain on his resources and i is the cause of many = 
a There are e times ¥ when the promoter feels that it is to the interest of the 


nay use money for farm development. ‘Iti is t the writer’s opinion that this 


is most always unwise. It increases the farmer’s debt, leads him into ill- 


4 advised expenditures, , and tends to dull his conscience with respect to his | con- 
8 


“tract. At any time that a settler’s contract obligations are increased by accrua 
‘unpaid interest, operation, and maintenance charges, or r taxes: ‘above the 


_ original principal amount, his affairs and, therefore, the affairs of the — ae 
-Inoter, are in an unhealthy condition. seller of the land is ‘protected 
“tists 


only by margin. between total ract obligation and the net price 
which he can realize from the land if it returns to him, and, in this, account - 


and cost of securing a new settler, and the ‘fale that the new ont 
even as his predecessor. It is, therefore, desirable to keep the sale to 


ra each settler i in good standing and one means to this end is to exercise definite, Bn 

“located on the project with full authority to deal with each individual farmer 


not irritating, pressure to reduce the ‘settler’s obligation at regular inter- 
-— under the limitations of any general rules or policies that may be laid down 
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Where. is on. and the: has no title to the land, 
where it is covered by a prior lien, it may be difficult for him to “secure - 
legitimate financing for his annual | needs. . 4 ‘This i is a matter ‘which may deserve 
careful attention n. Generally s speaking, if he has title. to. the land and the lien 
s in the form of a bonded debt he e will have less trouble ¥ with financing. ast i, 
when each of: a large proportion of ‘the. settlers acquires ‘the. major equity 
in his land, the settlement problems are_ well on the way toward solution. 


| 
when values seekers ‘become plentiful, and loans: 


iq 


= 


intelligent farmers and business men are located on the project, that economic | 
conditions have b been favorable o or. r adverse conditions have been « overcome, | ura 4 


inally a a group of strangers. in a strange land have become a community of 
Bs friends s and neighbors, with schools, churches, and attractive homes. When 


ae such a stage has been reached, the problems. of the pioneer, which are the prob- 4 


lems of land settlement, will: be settled. 
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£800 000 08%. Yo IRRIGATION DISTRICTS 000 000 1 


gt From si earliest settlement, ' co- operation has. been the dominant : factor in 
irrigation development i in Western America. In’ one form or another, it has 


teen Western States have been provided with a an irrigation water supply. It 
has occupied the great middle ground in irrigation between individual and 
dias partnership effort on the one hand, and commercial and Government effort on Pa 


the other. Furthermore, ‘throughout irrigation history, co-operation been 
the: stabilizing influence in the creation of American irrigation institutions 


: policies, for through i it men have learned that in irrigation; the interests of the +s 
community far transcend the interests of individuals, 


re ~The irrigation ‘district is the most effective’ agency for ¢ co- operation in irriga- 
tion _ development, To the will to co-operate it adds. prescribed forms. 


methods of government, the power of taxation, and the guiding ‘hand of 


. ‘State. i By these means it has established itself as the most generally accepted - a 


agency for for financing and operating the works of irrigation too large or too costly 
for successful individual effort. Jo 


 Inall l essential particulars the irrigation district i is an agency of. the State. 


It t has ¢ a political status comparable to that of a to town or a “county, that i ia, 
legally established boundaries, an elected governing board, the power to tax ae 


to create bonded debt, and the power to construct and operate works, save a 
that. its authority i ‘is limited to matters. end to ‘such ¢ 


Be ou Irrigation districts are found i in all the seventeen Western irrigation ‘States — 7 
except Kansas and Oklahoma—more than 500 in all, of which 244 were operat- ¥ 
ing, 87 under construction, and 159 in preliminary stages, according to a Gov- 


rt ernment tabulation, in 1921, The total area embraced in irrigation distziote i in “, 


| ‘ Nore.—Written discussion on this paper ‘will be closed with the August, 1926, Proceed- 
_ When finally closed, the paper, with discussion in full, will be published - 


Presented at the Meeting, Salt Lake City, Utah, July 8, 1925.) wit 
_.tIrrig. Engr., State Dept. of Public. Works, 
Prof. of Irrig. Investigations. and | Practice, ‘Univ. of California, “Berkeley, Calif. 


'§ For a history of irrigation districts in California, 1887-1915, see Bulletin 2, Calls 
-For an account of irrigation districts in all the ‘States, 
as 
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ON DEVELOPMENT THROUGH IRRIGATION DISTRICTS 


omitt ting those inactive, exceeded 11 000 000 acres, and the irrigation 


district bonds outstanding « on December 31, 1921, approximated $105 000 000. 
- Since then irrigation- district activity has mwa very considerable in a number 


of ‘the States, | in | California a and Idaho. In these two, States 


4 48 additional « distric ts ave been organized since 1921, embracing more than 
000 000 acres ‘and involving proposed expenditures’ in ‘excess of $20 000000. 


For ten o1 or twelve years the United States 3 Bureau of Reclamation has 


a favored, the , irrigation district as the agency through which it shall deal 1 with 


‘the water ‘users on its irrigation projects, and many of the Government projects { 


have been organized in into irrigation districts. Iti is now the settled policy of 
a Bureau of Reclamation, . as recently announced. by. ‘the Secretary, of the 


Interior, that all Government projects shall be so organized. _ Furthermore, 


, practically no new irrigation development of 


> 


er of the type and name now ‘most /_ 


at Stare ConTROL OF ORGANIZATION . AND: 


When the first irrigation district law was passed—the Wright A , enacted 


California in 1887—the thought uppermost in “mind was to ; give commu- 


nities the power to carry orward irrigation development against the « opposition 
of strong ‘minority land “owners. Apparently little ) thought “was given 1 to the 
_ possibility of unwise action n by proponents of ‘irrigation enterprises. — 


: quently, no adequate safeguards were included i in the] legislation. i The experi- 


ence of the first ten years in California established the need for : a more con- — | 


Bervative procedure and this was provided i in 1897. Further experience in Cali- 


fornia ¢ as ‘well as in several of ‘the other ‘Western States, confirmed this need 


and also the need for State regulation not only of iseization! district — 
tion, ‘but of financing and construction of irrigation district works. Such 
State supervision i is now general. To cite California alone, 90% of the time of 
the State Engineer, all the time of one irrigation efigineer, and occasional p 
ean time of several others, i is consumed i in investigation a and supervision of irriga- 
and water storage districts. ‘The results of this ‘State Supervision have 
a been gratifying in all the States providi | 
oA charged with such supervision have the difficult task of safeguarding the inter- 
oh ests of the communities, the States, and ‘the | investment market for irrigation — 
district securities, ‘they have ‘succeeded so far as to restore’ irrigation district 
as cepted investments not only in Western investment centers, but also — 
he ‘larger mar ets of Chicago, New “York, N. N. and several other 
‘cities entirely ‘Outside the irrigation field. To be sure, these markets are con- 
ae servative, but they should remain so in “order r that o nly sound issues shall find 
a sale and that the influence of a discriminating investment market shall xe 
joined hat of 


mie 


‘with t ‘Supervising public officials in holding irri Trigati 
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importance is now attempted on any other basis Of organization, thatis, li 
the irrigation district in some form, 
. Bice. ae prevalent, the “conservation” district of some States, the larger water storage ff tri 

— _ districts recently organized in San Joaquin Valley, California, the water im- 
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IRRIGATION DEVELOPMENT THROUGH IRRIGATION DISTRICTS 


2 10 ‘wobaombiiw alt ob boil iqae ai i tote 


To those members of the Society who have not. had with irrigation, 
| might be profitable at this time to describe very briefly a few typical i irriga- 


_ tion, districts, As the irrigation district activities of the writers have recently = 
- deen i in California, it is i convenient to cite in these brief descriptions | sev- 
il d stricts in that Sta California, with minor exceptions, irrigation 


s have e been formed to improve a ready ‘production, or 


enterprises initiated and carried to some considerable 
-_ private capital, Cuifona than, i in the first instance, to reclaim desert areas. } 

a 

climate in different areas, has different of agriculture, and, conse- 
a a ‘number of different types of irrigation systems. . Fig. 1 shows the dis- 


tribution of irrigation districts i in n the United States Decen ber 31, 1921. 
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“Fie. 1 OF IRRIGATION Disrarcrs IN THE STATES, 
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IRRIGATION DEVELOPMENT THROUGH IRRIGATION DIsTRICTS [Pa 


rth, brush, or timber check dams 


Nes for ‘supplemental summer use. Table 1 gives | ‘some statistics on the Hot Springs © 


TABLE 1—Hor ‘Sprinas Irrigation DistRicTr. 


Water supply ..++|Pit River and tributaries 
‘Storage capacity of reservoir, in acre-feet. OOO 
‘Prine pal crops Meadow hay, alfalfa, grain 
uty of water, in acre- eet per acre , eee ; 
Average cost of water per acre per year $1.53 


and M odesto Irrigation —In the central part 0 of the State 


int 1887  imanediataly after the 3 passage of the Wright Act, the first two t 


if be formed under it. . Although « separate districts, they obtain water r from the 
or same stream and by means of the same diverting structure—LaGrange Dam. 
c Together they embrace 259 973. acres. _ Production embraces alfalfa, grain, and 


| 


full 1 range of vines, nuts, and deciduous fruits grown in California. 4 At first 


_ without a late summer water supply, the need for storage later became pressing, 
a and the districts jointly financed and constructed Don Pedro Dam and Power 


z % House, a few miles up Tuolumne River from ‘LaGrange Dam, and now have a 


nearly a 100% water supply. 2 These districts are perhaps chiefly of interest to 
ae as having demonstrated the possibilities for obtaining revenue from 
the sale of power asa by- y-product, with the ownership and full control of this 
power in the hands of the districts, which are themselves | distributing it to the | 
ty individuals, towns, and communities within their boundaries. Under agree- 
a ment, surplus power is sold at the substation at 43 mills per kw- ‘hr. ‘Don Pedro be | 
ae Dam, 279 ft. above the stream bed (Fig. 2), forming the highest structure of = 


ai, the kind i in the world, has made this distinctive feature of these districts pos- 


4 


sible. In| ables. 2 and 3 ‘some statistics on these districts are presented. 


TABLE 2.—Don Pepro Dam, anp Irrigation Districts 

Type “gravity” arch 
Height above stream bed, in 
Crest length, in feet... ‘i 960. 
Concrete. in cubic ‘ 


Power plant 
Cost of plant per kilovolt- -ampere 


quin. Valley, is a small I but highly developed irrigation ‘Lindsay- 


Strathmore—representative | of high | annual costs and ‘typifying the length 


10n “horseback™ , or alfalfa fields, simply 
ter is applied to the wild m ls, diversion from the 
from Pit River or through inexpensive channels, 
_—itiver being m ach'year. ‘The district organization was forme 
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“Whe. 3.—Rock woop DIVERSION Dam, Conorapo IMPERIAL 
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5.—Vinw or IRRIGATED LAND, IMPERIAL DistTRIcT. 
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which the successful fruit grower foal he « can mer to obtain an adequate water 


supply. The development i is an old one, principally citrus, commencing by irri- 
gation from private wells. At first, centrifugal pumps set in shallow pits were 
effective, the lowering supply later necessitating the substitution of deep 


well pumps. Fora number of years the water-table dropped an average of 8.8 
foyer year, finally standing at 150 ft. below the ground surface when the diss * 


TABLE 3.—Mopesto AND IrnicaTion Districts.* 
4 


Combined area, in acres. vee 
Gravity distribution with storage, 
|Alfalfa, deciduous fruits. 
Average cost of water per acre Der years... 


Bi was organized. The rapid depletion was due to the location of aan area 


Ir) 


close to the foothills where there was little annual replenishment. To make 
matter -worse, at a depth of about | 150 ft., salt water made its appearance, and ; 


 in,some cases as much as Ib. per tree per year was carried i in ‘the 


delta, of the Kaweah River was purchased by the Distzist. was 


pumped from thirty-1 nine wells, through concrete lined canals and a) concrete 
flume (of special interest because built with a Gunite machine) and steel pipe 


-Tines, from which it is metered to each « consumer. The entire lift i is 285 Bucs 


nor “TABLE 4. —Linpsay-StraTHMore IRRIGATION Disraicr. 


oe 


Area, fn acres 15 285 
Type Pumping from wells with distribution 

~Duty of water. in acre-feet per acre 1.6.uet 

Average cost of water per acre per bra. gat thee 


+ 


er 


I mperial Irrigation District. —Farthest south i in California, next to. the 


Mexican border, is the Imperial Irrigation District (Fi 8. 38, 4, and 5), in the 


 land’of the real where absolutely no economic production would be pos- 


sible without irrigation. This is the largest ‘irrigation ‘district in the United 
5 ‘ States. “Here, rainfall is hated, because it is never sufficient to have value and 
hs is a nuisance in gumming up the roads. "Irrigation i is practiced all the y ear x 
round.” After the desert hummocks were removed and the land was leveled, grain 
-. was planted as the breaking crop, followed by alfalfa. Tn the World War period, ra 
s Top and is still largely grown, , but the ‘Valley i is in 
’ the main one of diversified production, with cantaloupes, lettuce, and asparagus ee 
for ‘the early markets perhaps outstanding. The ‘most interesting engineer- 


tea ao 


ing features of this enterprise are associated with its control of ‘the Colorado 
River a and its unusual silt problem iter, diverted Colorado, 
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removed, r raise the canal beds from 6 to 12 ix in. . per year. Statistics « on 
Irrigation District are given in Table 5. ¢ 


ded debt per acre. $26.45 
incipal crops Alfalfa, cotton, 
Duty of water, in acre-feet per 8, net: 
_ Average cost of water per acre per year Tae 
5 Annual ¢ cost of silt removal $1 000 000 — 


“present, ‘and 


in rahe are working in’ irrigation, whether 


investigations, construction, maintenance, and operation, irrigation machinery 
equipment, and to a very considerable and increasing extent, hydro- 
electric development, will find themselves dealing with irrigation 


Some of the obvious conclusions from irrigation district history, therefore, 


“torn? ot ti ds 


First, the irrigation district.c cannot safely be wand os as the irrigation reread 


in uneconomic land developments or speculation. ' This has been tried over and 
again and in every case failure’ has resulted. Although in: some of the 


States the irrigation district form. of organization must be resorted oft order 
to initiate projects involving the reclamation of arid lands, the proceeding i is 


difficult and hazardous. Until 1921, inclusive, | 58% of all Giewicts 


formed were for supplemental construction mor the: acquirement of 


‘The ideal conditions for the organization of an irrigation | istrict is to find 


‘the enterprise. already under way, although not adequately financed ; . sufficient 


settlement and sufficient voting. -population to. insure a bona fide, decision. on 
_ the organization an¢ | financing program on the basis of real merit as. contrasted 
wit th speculation ; ; and established ‘agricultural possibilities, ‘State. regulation 


of irrigation. district organization is an absolute. requirement. if unsound dis- 


trict ventures are to be. stopped at their inception—projects with inadequate . 
Th 

water supply, ‘cunproved agricultural. possibilities, uneconomic , costs, and un- 


promising opportunities for settlement. In deciding, upon. the feasibility of 
an irrigation district project, nd economic factors of; production 


good engineering. gt ent 
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DEVELOPMEN T THROUGH IRRIGATION DISTRICTS 


have! the plan comprehend not only the immediate needs the district, but 
- also those that will be required for the completion of the system even if f'not 
to be constructed s some to,come. Experience has proved it:to be far 


. 4 safer to tell settlers and irrigators the whole truth about what irrigation water 


cost when the system, including storage, distribution and 


> 
Although the market for irrigation. district bonds has been gratifyingly 


receptive to sound i issues up ‘to several ‘millions of dollars, there is not yet [a 


B srgereenen. competitive market for the darger issues such as those recently — 


put out by some | of the districts. Lack. of competition among bond dealers a 
recently made one irrigation district take a discount of 4% 0 on a $10000 000 
issue, and part of it brought a: 6% profit to the dealers. This is more than 


irrigation can stand; and some way must be’ found: to supplement the credit 
of districts proposing such large issues. 16'S dnb of FER sort vd 


| 


Although the ultimate authority i in the management of i irrigation districts 


és is placed by law in in the boards of directors, very properly subject in ‘most States 
3 to a measure of State control of financing and construction, the real leader 
«ship must be furnished by't the firm. intelligent, and tactful engineer. 
Tea is the engineer who, through his ‘skill, must hold ‘the irrigation district 
in safe bounds | and make it (gos. who must supplement ‘the lack of business 
experience of the : average board of directors by his judgment; who above all 


anni enw ry hoe om 


Aalst! keep his ) equanimity and ca carry on in spite of the ‘all 4 too frequent ill-- 
lack of 1 understatiding by land owners. It is the engineer ‘who 

must ever “have in’ mi mind that: however efficient his services, the professional 
relationship between the engineer and his irrigation district client is. still, a = 
more or less unstable one, because the human 
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districts, like the rest of f us, h 
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PUBLIC UTILITIES 


valuation ‘was recently made of one of the largest public utilities in 


ie} 


was. found that, since 1918, whether a street railway, gas or an 
operty, a power plant or a sub-station or a 
ee i line, for all.of these, regardless of location or magnitude, the composite 
trend’ substantially the same. no instance was an exception found. 


a 


208 


An An appraisal of large electric | light and power property was. made about a 
year or two ago, as of " present-day prices; and for retirement purposes an : 


investigation to determing approximately, the original cost of any | property. 


] 

question made. ajil bog ‘qoonigas oft. moayrt 
Iti is ‘the practice in makin suc anal ses to use either 3 or 191 


evels for a base. 
prices and because more accurate results are obtained by use of 
» cost di data, a 1924 base was used. F urthermore , 1918 was a year of depression, — 7 
Pea and in order to determine whether the results obtained : were typical of utilities 
as a whole, other light, power, and macs railway y properties in various parts — 
The electric light and power course, first analyzed, and it 
“was necessary to adhere to the Classification of Accounts prescribed by the 


_ Public Service Commission. a separate trend was compiled for each of a 


aol 


1 


than thirty accounts, and a composite trend derived by ‘combining into 
i soniye average these thirty accounts. The trends for these accounts were 
not at all uniform which was also true of | each item of each account. COTS ragtnd 
In a similar - manner a gas property was analyzed, and as” its composite — 
- trend was substantially the same as that of the electric light and power prop- 
erty, it thought that this was merely coincidence. street ‘railway 


was studied, but i its composite trend ‘not | differ greatly from 
and street rail- 
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— ~- —Written discussion on this paper will be closed with the August, 1926, Proceed- : gy3 
ae _ Aaa ings. When finally closed, the paper, with discussion in’ full, will be published in Trane- ane 


el ‘study was likewise ‘made of the trend of steam power plants, the plants 


‘studied. representing wide. Tange of conditions. ‘many y stages in the 


progress of the art of power - plant design. ~Some were equipped with turb 
generators, others with engine-d -driven generators, with conversion papipment 


street railway purposes, and even with ice plant machinery, and the installa- 
tions ranged from capacities ‘of 120 to more than 100000 kw. A study wa was 
- also made of electric distribution systems and of transmission lines, but again ae 


i in no Wap “exception found, in ‘that all ‘Power plant trends were 


| yee Several mc months were necessary to make the analyses aad at no time were aS 
coc 


i references made to other sources of information. Of « course, the research work — 2 
was _vety exhaustive. The material trends used were those secured from 


i. “manufacturers which were further checked by means of uni costs, from pur- — 
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1922 87. 

1919 99 «100 

1917 96 94 

1915 


AGASPROPERTY 


much of the are also, confidential and not for that itis 


a rather difficult to include the fundamental facts from which the ‘sonelusions — 
been derived. _ There is, _ however, submitted a tabulation, T Table. 1, in 
- which the method of procedure i is shown in detail. Table 1 is typical of the 


; % analyses, and in order to show more clearly the results obtained, several charts : 


erties have heed plotted, ‘and the uniformity, fom to 
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2, AVERY SMALL STATION 


2.—CoMPOSITE POWER PLANT TRENDS, 
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1923 100 

1921 98 95 

1920 117117 


1924 


19181 


105 
1917 


104 103 


MINNESOTA PROPERTY 
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are 
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"during the post-war years, is 5 very notable. . , The e component parts of dene prop- 1 


erties differ widely, the ¢ one with its boilers, stokers, and turbo- >-generators, the 
. gas p plant with its holders, trunk lines, and mains, and the trolley property — 
track and rolling stock, but in each of these ‘Properties certain 


‘modities to a greater extent than was then in con- 


hs fusion; prices | in many cases were | simply prohibitive, with no relation to either ; 
wages or material | costs, a and others were governed almost wholly by the eager- i i 
ness. to keep their shops going at a time: when little or no business was being ~ 
rs 4 offered. eh The similarity of the last seven years, since the ‘return, to to ) more st staple 
business” conditions, is in many ways remarkable. 
A comparison is given on 2, a ‘super-power station costing 
15 00 000 000 and a very small station “costing only $50 000 ; and on Fig. 8, a . 


> “comparison between the ‘composite trends of a distribution system in 
"« opte and another in Georgia is made. Figs. 4 and 5 are merely — — 
of the detail trends used. ober ee ce 


rir 


7 


‘16 7 19 20 


Table 1 is a of the super- power station on Fig. 2, and it 
- will be noted that 99% of the equipment was trended. T The year 1924 was 


. used as a a base of 100, and multipliers were compiled for each of the items, — 
ae year by year, , from price trend EF ~The composite summary at the end 


‘That a ll these utilities, power plants, distribution systems would trend 
4 much ‘alike, was not expected, but i if similar research work of others were 


readily available, the writer is very confident that their oxperienes would be 
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29 STRESSES IN STRUCTURAL STEEL* 


@ en. violas locomiasec: oildug od Is a: 


ty A e Annual Meeting of the Society, on J anuary | 21 » 1925, this Com 


mittee presented its ‘report ‘the feasibility of conducting stress measure- 
_ ments and on working stresses for structural | steel i in buildings and similar a ve 
structures. Subsequently, the Committee was. continued by the Board 
$3 Direction with instructions to review the discussions of the report by members , 
Pe of the Society. ee,” he Committee has given careful consideration to the com- ibe 


and opinions advanced in the discussions, and now ‘presents its views. 


— 


| 


Some misconception appears to have’ resulted from lack of clear statement 
-the:report in defining” the material dealt with. preparing its recom- — 
mendations the Committee had in view ‘at: all times commercial structural 


steel made by the open- -hearth process, but i in text of the report it made 

the’ specification for) structural steel ‘for buildings: of the American 
Society for Testing Materials (A9-24) to define the material 
This specification admits Bessemer as well as open-} -hearth steel. In the jopinion 
the, Committee it is open to question. whether the recommended working 

stresses may be extended, to structural steel produced. by the Bessemer process 


under current practice, without reducing the safety, margin which the 


mittee ‘thinks should be maintained at this time. The report, therefore, should 
amended by» inserting the. words “open. hearth”, before the. word, “stee a 


in in the. third line from the bottom of page making the entire 
“rea 


to 29) tom boxy | od stow ‘droget sti 

_.. “This report refers to structures built. of. open- -hearth steel meeting the 

. structural steel specifications of the American Society for Testing Materials, A 
and’ does not apply to steel of unknown and a 

With respect. to other of the discussion the “Committee finds th th 


all the essential points brought out had previously been _discussed at 


‘erable length within the Committee before it 1 ‘formulated its ‘cohelusions- on 
working, stresses, . So far as these points appeared to be of practical ‘signifi- 
cance, they were dealt with i in the report, although in brief form. 


a is believed that the text of the report supplies a an answer to the criticisms 


— 


a ‘There i is one general view, reflected i in n several of the Aineussons 
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‘Presented to Annual Meeting, January 20, 1926. 
Proceedings, Am. Soc. C. E., 1925, and Discussions, 
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re is by some the report that the 
steel framework may not in all cases be ‘in competent | 

pene that for this reason working unit stresses should be held down 
to a somewhat lower 1 limit than might otherwise (seem permissible; or, ‘to 
state the matter, it is. argued that a lowered working stress. makes 
. ~~ tence tolerable, and g secures to the public as great a measure of safety as would 


a obtained ‘through fully competent technical service using somewhat higher 


stresses. The Committee feels strongly that abundant experience 


in n the 


field of 


stresses ford against. ‘the of such h incompetence. For 


this reason, the course su iggested by those who ‘would held to relatively 
low working stresses because th 


would not only prove ir ineffective but, in long iwtould: tend. to promote 
danger, t through encouraging the belief th that limitation of working stresses 
disposes of the danger from incompetence. abamt 


“anole its report submitted in 1925, the Committee, therefore, laid down: the 
ay principle that all steel designing practices should be based.on the assumption of 
= ‘lt emphasize this ‘Statement in this report. 


nore efficient 


rs 


gineer may given mes safety with s 
hi than his | colleague of less skill.” Such 


a 


were to be ‘an not ‘ie by the designer of unusual skill, 
but by the competent designer of that degree of skill ‘customarily, found in 

These: are not safe for use by ‘the incompetent | de- 
2 signer, nor is is any 0 known scale of working stresses safe under this c a 


to od. ot oned O. Durour, Chairma 
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steel construction, however, it is thoroughly 
which incompetence manifests itself bear no of 
a 
‘gar 
— 
. 
4 
ae +> 
— 


te 


‘STRESSES IN STRUCTURAL STEEL 
Minority Report aination of 


the ‘undersig members! of: the- Committee did) not co. recom- 


mendation for Working Stresses in structural steel .20 000. Ib. per ‘Sq. in. 
- unit stress in tension, contained in the report 0: f£ ‘the Committee submitted 


4 


to the Annual ‘Meeting on J anuary 21, 1925. The reasons for 


- from that part of the ‘report were stated. in the Minority Repo rt? hey ¢ do. 


not agree that all the points raised in ‘the discussion 


thé previous report, nor ‘that disctissio n of so important’a matter ould 
be dismissed ‘so briefly. "They believe that additional consideration be 


to” this subject, ‘and further of the’ basis of working stresses 


of They coneur in the requ 
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ON IMPACT IN HIGHWAY BRIDGES* 


To roe AMERICAN Soory or Civit ENGINEERS: _ 


bon 


_. In submitting a final report the Committee does not presume to say that 


Mi the present information on impact in highway bridges i is such that nothing more 
Ss remains to be accomplished, It is, the belief of the Committee, however, . that 
available data have. reached the. point. where they, suggest ‘definite con- 
_ clusions of sufficient precision n to serve as a reliable guide i in design, at least. as 


as floors are concerned. 

‘The chief sources of information have been: _ First, a co-operative project on 
impact in 2 highway bridges at Ames, Towa, between the United States Bureau 


of Public Roads, the Iowa State Highway Commission, and the Engineering 


Experiment Station of Towa State College st second, extended ‘determination — 


of impact blows of truck, wheels by. the U. Ss. Bureau of Public Roads ;t and, 

2 are ‘those recently published in Bulletin 75 “by the ‘Engineering ‘Experiment 

se Station of Iowa State College. A general idea of the scope of this work and ant 


os results is indicated by the following Synopsis and Conclusions which have 
taken from the Bulletin and slightly edited. 4 


Preceding the Synopsis and Conclusion, definitions + will be given of ‘we | 


“terms which have been used, as follows: 

Dynamic force of av wheel blow is the maximum of a truck wheel 

upon the bridge floor when the truck is in motion. reads 33: & onteinet 


ae _ Impact increment of dynamic force is the additional “pressure: Bove: the 


third, - impact effect upon by the Illinois Division of Highways. 4 
complete and satisfactory data. on impact in _ highway 


“ee weight of the wheel, due to the 2 fact that the load was in motion. ‘angattgs! ey es Sal 
Impact increment of stress is the additional stress above ‘the static stress 
to the fact that the load was in motion. site Pale th thi 


i 

oy stress s that would have occurred had a static load equal i in magnitude to. } 
the dynamic force been applied at the same place as the dynamic force was 
Sprung weight includes all weight carri ed by: the springs. 


Unsprung weight consists of the remaining weight; ‘that i is, ‘ie axles, 


* Presented to the Annual Meeting, 20, 1926, 


+ Proceedings, Am. Soc. C. E., March, 1923, Papers and Disiasiliine, p. 458; Public 
‘ Beata, September, 1924; Bulletins 68 and "6, Eng. Experiment Station, Iowa State College. 
ss ¢ Public Roads, March and December, 1921; “Researches on the Structural Design of | 
- Highways by the United States Bureau of ‘Public Roads,” by A. T. Goldbeck, Assoc. M. 
Am. Soc. C. E., Transactions, Am. Soc. C. E., Vol. 88 (1925), p. 264, 
in Ilinois,” by Clifford Older, M. An. Soc. Cc. E., T ansactions, 
Vol. LXXXVII (1924), 1180. 
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vered 1 was the ‘determination of 
A oa to certain static and dynamic loads (and, therefore, impact) in 1 the steel ; 
floor systems and, in some | cases, of truss” members of five steel bridges with | 


-conerete floor-s “slabs and seven steel bridges with plank flooring, 


ode ts ‘It has ‘also included the determination of the dynamic force of the wheel a 


= from | several trucks and a relation. between the force of the a and. the i 

multaneous stresses in stringers and. floor-beams. : 


—Static distribution of stresses between the stringers of 


to one § stringer in both « conerete and timber floor PSTN 
3.—The percentag 
of three bridges: with ¢ concrete  floor-slabs i in terms of speed and the percentage aia 
unsprung weights of the trucks. (Figs, 1, » 2, 
: 4, —The percentage of impact in the stringers, floor-beams, and a few of the 7 


: ine 


ad relationship between the stress ratio and the percentage of t the impact | 


“inom of the dynamic fo force. 4, 8, and 


Static Distribution ‘of: Stress in —The stringer spacing in the 


nerete floor bridges under ¢ consideration did 3 not vary s sufficiently to permit | - 
eneral conclusions. : With a stringer spacing varying fi from a 28. B to 36 i in. P 


with one truck the span, the. maximum observed ‘stresses. in one 
stringer for each of three. spans. was just about. 50% of the ‘total ‘observed 


stresses for one wheel (25% , of the total for the truck). With two trucks on 


é 


The observed stresses in all instances are far below the computed ones. “This 


of the ‘stringers, and, , perhaps, t to other causes. 


In three | of the. four structures the bond ‘seems to be excellent and in all 
these ‘structures th the observed stresses are less than half those which were com- 


4 puted. under the u: ustial assumption that the steel ‘stringers act as independent — eo 


= 


- simple beams. ‘Tn one span, , the bond s seems to be impaired” to a certain extent — 


s and the observed stresses 3 are about two-thirds the computed s at AL ik 


Impact in Floor ~The impact increment of stress is due v ry 
larg ely: to the unsprung weight « of the truck. The percentage of impact, there- 
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IMPACT IN. BRIDGES 


. 
CONCRETE. FLOOR BRIDGES 


Campus Test Span Struck gobs 


Skunk River Ww. ‘Approach - Truck E, 
xX E 4” 


‘al 


STRINGERS 


rest 
fo) Bridge-ta, Center(1” 2) 
> Maxwell ,, 
NOTE: Empty Trucks and no the 
Obstructions except when noted, 


iy 


| 
we 
e 


tarins of peacen weight.to total the 


TESTS 

~FLOORBEAMS 

Tiber FLOOR BRIDGES ave 

LEGEND ihe ax 

jae - Savio (Truck A Maxwell, 

a NOTE: Empty Trucks and no 

Obstructions except when noted, 


ony 


2 { 


800 


200 
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a hi the Jeast in the important cases where the ‘total unit etrenen es approach 


oe. allowable Ha a truck | loaded to | ‘give e approximately the proportions | 


of front and rear axle loads, now generally specified i in highway bridge speci- 
fications, and traveling at as speed of 12 miles per hour (the: maximum a attain 


sand stressed well toward ‘allowable limits — 


4q than 15 per. 1. obstruc- 


impact in the floor timberfiedred varies ‘80 greatly 

pth with the | condition of the individual floor that a general statement cannot be 
7. ‘made to cover the case. The reader i is referred to “Table 1*, in which results” 
obtained in seven n different spans are to be found. a 


TABLE 1 IN mv Froor Sys SysTEMs oF FLoor 


tions, the percentage was about 50. For 2 by: 4-j 4-in. . obstructions, the percentage 


ROC 


ory 


Nevada 


in. . transverse | 
\$-in. transverse 
ith 3-in. loogi- 
dinal haif 
-in. transverse 7 
oug 


1850 
5 ore re 
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Relationship Between Speed and Strese— —The ‘relationship be- 


tween speed and dynamic ‘stress and also between speed a and dynamic force 


(wheel | blow) was so > nearly y a straight line relationship that the straight line 


Relationship Between a “Stress Ratio” the Percentage of Tmpact.of 


Dynamic Force.—The relationship is. shown, ‘independently by. three curves 


+ ee Table 1 consists of Table 7 of Bulletin 15, Eng. Experiment Station, Iowa State College, 

to which have been added the last two columns from Table 4 of this Bulletin. The empty 

truck is a Liberty truck with dual solid rubber tires with a total weight of 11000 Ib. = 

D is the same — to total weight 25 wig unsprung of the 
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used ite. Reasonably. correct dynamic. stress ‘could 


_ doubtless be computed from them for any truck for which is known (or. = 
be determined) the. weight of one rear wheel and the dynamic force devel: 
oped by the wheel under similar conditions for which the dynamic stress is ee 


: ae It is believed that these curves will furnish the means for r making ac close . 
approximation o: of ‘the impact. stresses which would be developed in 
nary bridge floors by the trucks, —s, and obstructions for which the 


wheel blow; and also for any other cases for which similar data may be 


Impact i in Trusses.- —Although rather large percentages of f impact have b been 


developed in the trusses investigated, they are not at all representative under 
s: present conditions, as a basis for design. ~ Much heavier loads and loads cover 
: ing a greater part of the structure appear to be necessary before impact data 


can be secured which. ‘will be of ‘significant vi value in the design of trusses. 
Ass A further study of impact in trusses ¢ should be preceded by a study of the 
distribution of stresses, including secondary stresses, Certain facts 


stress ess distribution as s affecting bridge design have. already been g given. 
“One important in ndication is that a concrete bridge floor relieves the bottom 


reduces the effective depth of the truss, 1 thus increasing the: top chord 


“oy 


is 


Figs. 1 to 3 taken from Bulletin 75, mentioned, give, for the 


4 stringers of three bridges with concrete floors, the percentage of impact incre- : 


_ ‘ment of str stress in terms of percentage of f unsprung weight to total weight, the 
speed of the trucks, obstructions o on the floor. aie to on 4 


teh Figs. 4 to 6 ftoin: the same Bulletin show impact inerement of (or increase 

in) dynamic force platted against the stress ratio. ‘Wold 
These three diagrams—one each for steel stringers under ‘concrete floors, 
steel stringers under timber floors, and floor-beams under timber floors—indi- 
cate a relation between impact i increment of dynamic force # and the stress ratio anaes 


4 for a variety of obstructions, loads, and | spans. ‘The available 
that each relation is perfectly general in its field. 


wing the assistance of Professor E. B. Sm ‘ith,* ‘an interpretation has been 

made of the 1921 “copper cylinder”, impact data which were secured, under his 
a 


Of the Division of Tests, U. 8. Buréau of Public Roads until the summer of 1925 and 
time ‘Bescarch Professor of Mechanical Engineering, Iowa State College, Ames, 


ch | (Figs. 4.5, and. 6),,one each for steel stringers under: concrete floors, 
stringers under timber floors, and floor-beams under timber floors. . Each is 4 
“i q perfectly general for all the trucks, spans, and obstructions that were used, ora ! 
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IN HIGHWAY BRIDGES 


in terms of the unsprung weight, the flexibility of the tires, and seta 
for ree. of wheel blows. have been drawn through the platted points 
een made to conform to’ reasonably 


Insprung Weight to Total Weight. 


of U 


RELATIONSHIP: BETWEEN 
WEIGHTS OF TRUCK 


FLEXIBILITY OF TIRE 
IMPACT BLOW OF TRUCK WHEEL | — 
SPEED - 12 MILES PER HOUR 4 


val 


NOTE: Figures indicate Values of d, coe 


@bserved Tire Deformations in Inches 
due to 10000 pounds staticload 


of impact Increment of Force 


odt ‘iow [stot ot to Yo antied si Yo: 


One of six diagrams is reproduced as Fig. ‘The equations. o! 
are p p=a a I**, in which, p is the percentage of unsprung weight to total weight - 
and is the impact in percentage. The relationship between the values “an 
of « a of the various curves ef Fig.’ is a= 0.0069 (d) which, , dis the 
static load of 10.000 Ib. The values of a 
ge and 18 miles p per hour and 1-in: and to 
relationship for all the conditions which were investigated may be 


0.29 d0.72 


id increment in percentage of ‘dynamic force of wheel blow. 
== unsprung weight in percentage of total weight. 


ith similar data taken fom 
= direction, | * de scriptive of those ison with liege. 
aper™ des by. compari: wa State Co ege. 
nd more clearly by + Station of Iowa 
more readily Enc; eering Experimen Eq 
— Bulletin 75 of the Engin 
— 
— 
— 
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IMPACT ‘HIGHWAY BRIDGES 


_ height, in n inches, of « bstruc n on bridge floor (Equals: about 


16 for the bare: -conerete floors and an average of the best 
timber floors for which data are available. edo Ving 


Bqustion as been platted for 1- in. and -in. _ obstructions on Fig. 
and for 0.16-in. obstruction, representing bare floors, on Fig. 


Th 1 these diagrams the parabolas, p= a were Plotted at 


a, covering the range of trucks likely’ to be ‘used, and 1 ti 


very hard dual types having ‘deformation of only 0.1 in 


to pneumatics. The. cross- -curyes were plotted from the 


-1-5 0- 72 

oor 0.099 (s for 2-in. obstructions ; and Al ‘0001 for 


Equation (1) 86 ecems to bo perfectly general for determining the impact of ae 


blows delivered to concrete and to timber bridge floors. The diagram in Fig. 
8 was first constructed for concrete floors. The 1-i “in. | obstruction curves give 


‘correct results for for 1-in. obstructions on on the smoothest timber floors and results 
which are. reasonably ‘close ‘to observed values! without obstruction. on the 
roughest timber floors. tas Pri; “bra moby al + wolfot 
diagram in Fig. 9 was consti for the height of ‘obstruction 


0. 16 ‘in. ») which most 1 nearly, ‘represented the co conditions: of the bare concrete — 
floors. It applies fairly well to. an average of the better timber floors. For 
the smoothes or was ongitudinal ‘plank in 
condition laid over plank) th the percentages of impact 


“about 15 to 20 le less than those given in] Fig. 9. _ The results for this Gece may 
be closely approximated by a value of H i in the formula of in. 


|The rougher. timber. floors s naturally produce g greater impact. Available 


data show impact on rough timber floors without other obstructions to be fully | 


great as for 1-in. obstructions on smooth | floors. to 
_ Since developing Equation (1) and the three supplementary ones for 


and constructing Figs. 8 and 9, Equation (1) has been slightly ‘modified : and 

"considerably simplified by putting: it into the following. form: 


Numerous checks which have been made by comparing results from Equation 
(2) with those from Equation (1) and Figs. 8 and 9, have disclosed no 


as large’ as 3 per cent. As far ‘as can be determined, Equation 


j represents the mass of. experimental data about as well as Equation (1). It 
would seem that either of the equations or Fig igs. and may be with 


— 
ifs 
= 
3 
: 
a ~ 
the 
fa a | 
+ 
be 
(1) 
ese Within necessary precision, 
: 


a 


For bare floors (0. 22-in. obstructions) : 


parabolas, would be platted, as before, from the equation, 
¥ using values of a as given previously. 


ie In ‘using ; Equation (2), ithe - corresponding height of obstruction for th | 


smoothest of the timber floors ‘becomes 0.18 in. bat 
oe _ The use of these diagrams is indicated by ‘the following illustrative problem. 
. Given a truck with tire deformation’ of 0.40 in: due t to a static load of 
10 000 Ib. and a’ total one load of 6000 Ib. of which 2 100 Ib, or 


85%, is ‘unsprung, obtain’ e blow of this wheel due’ to a run’ over a lin. 
on a concrete bridge a at speed of per | hour. 


per hour, go to the left, to the x-axis, ‘solid- line short 

marked d 0.40, tire deformation, is intercepted. Then go. upward, parallel 
- the y- axis, to the top « of the diagram where the. a-values are given. Then 
follow the parabola downward toward the origin, , interpolating between 
ti given parabolas, until, the percentage of unsprung weight, 35, is intercepted. 


Then go down from ‘this ‘point, ‘parallel to the y- axis, to the percentage impact 


blow, which, in this case, is 385. cm ow 
‘be ooh he actual blow: which the. wheel can. deliver, ander, is: 
a ‘wold | 6 000 + 6 000 (3. 85) = 29.100 lb, 4 


| MPAOT LOWS ETERMINING LMP. T TRESSES 
Knowing the percentage impact blow, sprung and unsprung load, and 


static stress due to the load ‘in the stringers, it is possible by the: judicious 


use of other curves. (Figs. 4, or 6) developed by the Iowa Engineering 
as = __ Experiment Station, to determine the actual stringer stress within the neces-_ 
‘This illustrative example may be: continued by entering Fig. 4 ‘with 885% 
I aig increment of dynamic force and reading a stress ratio. of 0. 52. “The 


_ stress, then, in a stringer of a bridge with a concrete floor, due to the dynamic 


force of the 6 000- Ib, wheel load, will be 0. 52 1 times the stress ‘due to a static 


A: The McOollum-Peters electric telemeter which was. for the Society 
; by, the U. S. Bureau of ‘Standards for the use of the Committee was assign ed 


= again in 1925 to the co-operative project at Ames, Towa, which has been pre- 


(8): The  Raettoaltne hes also authorized its use for brief. periods on two oth 
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ig 
project between the U. S. Bureau of Public Roads and the Engineering Experi- 


om andi 3-ft fills results of this work; have not heen released. Tt. 


; exceedingly | consistent, are now on file in the College Library. They probably 


1—As a means of contributing to the sian data on a Co- -operative culvert 


ment Station of Iowa State College. impact work on this project 
been done on earth fills over the culvert from 2 to 5 f The telemeter was 


is apparent, howeve that the _telemeter has, contributed) to: the. value: of t 


Til Due, recognition, ‘will, be given to. the ‘Sogiety when. the data, are, D 


‘Measure the stresses: along the end post of a highway bridge due 

to a horizontal load which was applied to ‘produce the effect of the wind load 


n the upper chords. work was part of a thesis for a Master’s Degree 


at Ik Towa State College by - Mr. ‘Harry G. Neyenesch. The results, which were 


will be published in a way which will give greater publicity, aa will recognize _ 
the use of the instruments belonging to the Society. 
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REINFORCED CONCRETE ARCH IN SEWER 


: A REVIEW OF PAST PRACTICE IN 
N AND AN ACCOUNT OF RECENT STUDIES hy 


a 


] 


“theref 
absorb 


E. ‘Suane, Baa. letter). g—The writer ‘desires to 


“the desired result, ‘that of ¢ convineing th those for carrying ¢ out a 


roject that such experiments may be well worth the e expense involved. a : 

The fundamental difficulty is in the profession itself. That the civil engi- lengtt 
in large measure, fails to receive the “proper” confidence and respect of 

his financial superiors is evident. many an engineer is treated as an 
te artisan, is paid less than an artisan’ 8 wages, and has: little encouragement for — 
és re) creative work is also evident. For, in the eyes of the world, , any schoolboy 


can come into a drafting- -room, and design a satisfactory beam, hiding 
lack of behind the safety factor of ‘ or maybe 10. 


3 


‘awe, more | he might 


: order an oust pressure experiment with the same assurance as a specialist in 
= the Medical Profession orders his patient to take ‘ + “Pythagorean” ie pills for 

for the actual horizontal pressures used, the writer feels that 1 whee they down 

are ‘combined with water pressure, the net relief of gained for the vertical loading atte 


is well within reason; that even if this relief were were reduced arbitrarily to zer0, 


‘cent. Mr. Whitney's discussion|) illustrates rather than contrasts the 
writer’s thought | on this adjustment of external and internal pressures. a 


Discussion on the paper by E. from February, 


Asst. Engr., Mo. Pac. Mo. 
§ Received by the 26, 1926, 
; Am. Soc. Cc. E., February, 1926 and p. 
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‘Ting; 
agreement with the thought which carries through the discussion, namely, gres 
Fa. i that earth pressure is a very uncertain quantity. The suggestion that models § sure c 
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‘wom for b and the bulging of the sides of db to water 
- pressure i is counteracted by the earth pressure set up as a reaction to the 


The writer er desires to state most empliatically that ‘the economy of 
i t 


“the River Des’ Peres design was not reali “by of horizontal 
earth pressuré, but by ‘assuming’ the ‘all fonction to be concentrated within 


the region of the spread footings. ‘As this assumption was opposed. vigorously ’ 

by Mr. Terzaghi,t the writer desires to clarify his « opinion as to what happens 


Mr ‘Terzaghi is right in stating that the invert arch, if confined between — 


unyielding abutments, i is stiff enough to take its part of the reactive load, and, 
VOL CULT 16 OF MOTI bes 


therefore, would exert a pressure which the upper arch i is wholly incapable : of 


absorbing. Apparently, he feels, since “the joints: of invert and footing 


trifling construction n details, and do not affect fundamentally the. distribution — i a 

of bending moments”,. that the invert and arch. act, together as a monolithic oe: 4a 


ming, and thus actually. form the same structure as the conventional type of a . 
sewer arch. _ in Naturally, he concludes that the writer’s thin invert will hee a 
a greatly reduced factor of safety, since the monolithic ring with soil. ‘pres: 


sure over the entire bottom requires an invert of considerable thickness. 
‘ _ Now, two considerations would tend to upset this calculation and to justify 
‘the writer’ s assumption of a structure truly separated at the joints in 


First—In order the: structure to act as a span 
| length must increase. T Take the case of ‘a constant span (disallowing the 


writer’s ‘rotating hinge action), ‘the invert. will contain throughout its 
length a heavy horizontal thrust. The monolithic ring contains no ‘such 


thrust, the “difference”, » 80 to speak, is dissipated by the expansion ¢ of the 


invert. This forced. increase ‘in span, however, is resisted in ordinary clay 
bearings by friction of the sewer against the soil, and also” by the horizontal — 


"pressures of ‘the soil against the cup-shaped : invert. renean, of 


Second.- —Although the» writer maintains that, for practical purposes, the 
“span or between centers of footings remains constant, this: assumption 


does not govern the footing at its edge or at its junction with the invert arch. a 


As § stated by the writer} and illustrated by Fig. 15(a), ‘the spread footing Sy 
under vertical loading tends to rotate around its own center point, outer edge 


of any “reactive load ‘that ‘may y have. been assigned t be it. ‘The 
of the hinged arch» with only vertical loading shows a a certain horizontal _ 


~ thrust at the crown, and, therefore, a negative thrust or pull of the footings on ey 
the ends of the invert. This ‘ ‘pigeon- toed” : action of the arch footings 1 results — 
‘the shouldering or bulging of the arch sides. It is important to 


F here that 1 this 1 very - bulging indicates the arch to be highly stressed throughout 
its length. Horizontal earth pressure opposes these conditions, but, 


© Proceedings, Am. Soc. C. E., August, 1925, Papers and Disc 
Loc. oit., December, 1925, Papers: and Discussions, p. ris 
rs and p 
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ane summary, it appears that the very loads which highly stress ‘the, arch 


to _telieve. the, invert, reaction, thus, confining g the. reaction to the 
spread. footings., The, case _of f a, heavy. horizontal, earth pressure, w with, amall 
load hardly upset this. consideration, inasmuch, the soil load 


case would be necessarily OW, nd could, net cause critical, 
to | 


earth pressure, since the arm of the center 


ree of the invert is small also. It was the writer’ 8 intention to allow the invert to 


act as a curved beam with reinforcing steel near the bottom surface. 


sorte 


Terzaghi is right in objecting to’ the projecting parts ‘of the 
‘footings ‘in that they ‘might allow the formation of water- -pockets just above 


Blue River and’ Gooseneck Creek Sewers in Kansas 
City, Mo., recently, the writer’s attention was ‘called to this same oe 


a result, tile drains: were: used! at intervals of 25 ft., ‘Placed’ across the arch 
rib: above the tops o of the footing, and ‘allowed to slope down into 
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LTIPLE- ARCH DAM AT. GEM LAKE ON RUSH CREEK, 


Messas. F. W. SOHBIDENHELM, CHARLES Comsrocr, AND orl 


FW. M. Am. Soo 0. E—The discussiont by Senator 


is of exceeding interest to the speaker. 
Senator ‘Luiggi is of the land which presumably _was the first to develop: 


‘namely, the Roman or “puzzolan ¢ cements. From much, that has’ been 


said written (not ‘Senator ul gi) “one “would infer that Roman 

cements, or more. particularly the str ruc ures in which h they w 


evetlasting. If so, 0, an important. art ‘has’ ‘been ‘Jost. 
EP) 
‘that the long ‘life actually enjoyed by certain 
-cement-boun structures is. due to the fact that, except for the northern part, — 
Italy is not subject to a rigorous climate. Freezing either does not occur 


is of minor extent. Tn fact, the speaker’s personal observation on the occasions | Bice 
of two visits to ‘Ttaly lead him to believe that, under similar, climatic ‘condi: 
tions, Roman cement-bound structures behaved much like Portland cement- 


bound structures of the present age. In neither case does. the cement seem — 
of moa. to OF. 16 Trad | 
“@ e perfect. Even Italy, as well as ; America, has its its problems as to the dura 

bility of hydraulic structures. 

194 105 A ‘Ponvawenrat Quzstion: TTS) 


“The Gem Lake Dam is ‘a hollow concrete structure which, “by reason of 


disintegration of its ‘deck, has failed to perform its intended function. _ Long 


before the presentation of interesting paper there. was praised, i the 
on OT SEG re n the 
a. speaker’s mind the fundamental question: Is a hollow d dam 0 conerete an 
appropriate structure, for climates This -ques- 


‘the which i is. 


holl 
Ow conerete 


slab-deck ‘types, Study of this question “has Ted ‘the speaker into a fairly 


investi ation ‘and. th resent, seems: an rtune ocoasio briefl 
stating the ‘results and presenting his deductions. 


At the outset it may be stated ‘broadly that ‘the. investigation has left ‘the 


. speaker optimistic as to the propriety of the | use of concrete in hydraulic fe: 
& 


Discussion of the paper by Fred 0. Dolson;and V Hu er, Am. Soc. EB. 


‘tCons. Bngr. :(Mead1& | Seheidenhelm), New York, Y. 
Soc. C. ‘B., January, 1926, Papers and ‘Discussions, 
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SCHEIDENHELM N ‘MULTIPLE-ARCH DAM AT GEM 


and, -unti ‘there 


is further and contrary “evidence available, his to the foregoing ques- 
tion is definitely, even though qualifiedly, in the y tad, 


_ First consider briefly the conditions obtaining i in the case of the Gem Lake 


‘Dam. ‘The design involves relatively thin arches. . The thickness was appar- 


oo from about 16 to about 34 in. within the areas of the arched decks 
where disintegration occurred. However, ‘relatively thin decks, whether in 


rer 
form c of arches or reinforced  conerete flat slabs, constitute an essential 


feature” of hollow: concrete dams. If ‘the decks: were not relatively | thin, then 
concrete dams would lose a considerable proportion of any economy 


which they may - offer. It is fair to state that the design of the. Gem Lake 
follows the lines accepted : as structurally | for dams 
“of ofl glotibur Ditel, alt do et 
s to the concrete of which the dam was originally built, ‘gs facts avail- 


from published information and private inquiry are none too, detailed 
Among other things it is not thes, was 


cor 00 e. 6 coarse aggregate is ues ioned ce in in ae 


ested ioc the information available is not such as to cause t the 


nal t o the average of standard Portland _ cements and suk bject only y 

to the | quelifications that there is still much to be learned, ‘about cement in 


general and that undoubtedly there are some steps ‘still to be taken for ‘the, 


The proportions in which the arch concrete is to been mixed, 


namely, 1 part of cement. ‘to 6 of. aggregate, might, be adequate if the other 


factors of the manufacture of the concrete in point were satisfactory. 


ever, it ; seems not unlikely 1 that ‘the fineness of the sand would have warranted 
‘somewhat greater” cement. content. Moreover, a ‘greater “cement. content 


et would have been desirable, if indeed not imperative, in case the water- ‘cement 

_— Fatio was relatively high,” ‘As to the latter, the speaker does not doubt that in 
{fOr 


conformity. with general practice at the of the construction of Gem 


- Lake Dam (1916) , the water content was too great. meta the bu ilders of ‘the 
> Gem Lake Dam erred it in ‘this respect, let it be noted that many others, includ- 


ing the speaker, have made the same error e) 


10 
‘The speaker “has been unable to learn that. any. par articular attention 
paid to the curing of the concrete and agrees thorou ugh ly with Mr. 


= Merriman* that conditions were most unfavorable ‘for proper curing. Although 


_ impermeability and permanence of concrete are not direct functions of strength, 


; nevertheless, : is pertinent to note that the 14- day ae of specimens of 
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concrete tested. during the ori inal construction was about 900 Ib, per 
sq. in, in compression. “That fact in itself was none too an _omen. 


_ The outstanding characteristic of the disintegration of the concrete is ‘that 
apparently the arch mortar has tended 1 to change from the original texture and 


strength to texture a and’ strength approximating those: of ‘hard clay; or = 
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OHRID WHELM ON DAM AT GE 


‘wale even chalk. disintegration | is ‘reported to have been limited. to the 
eck arches, the buttresses remaining ‘in good condition. Although 


bly there was a tendency to Tequire greater workability and, hence, a wetter 
mix for the arch concrete than for the buttresses, y yet this possibility and: the aie 


integration of the arch not necessarily indicate that the arch concrete wa 
inferior to the | buttress ‘concrete—in fact, the ‘buttress concrete | is réported to 


“have: liad‘ a: somewhat lower odinent “content. clear only that’ the 


"arch ‘eonerete™ was | not of sufficiently good quality to withstand: the severe 
physieal ‘conditions to which it was | subjected. likely that if the buttress 
“concrete were subjected: to ‘similar physical. conditions equal length of 


time similar disintegration: would result: PUL 


As pertinent to the causes of ‘the ‘disintegration ins the possible n means ‘for 


the below nade water: -gurface of 
' the reservoir. The reservoir is reported: to have been drawn down regularly” 
for the winter’ period to a level about 30 ft. lower than the ‘ “pool- full” leve 
Correspondingly, the ‘upper limit of the disintegration is said to have’ been 
about 30 ft: below the top. It is, _ therefore, a reasonable deduction that per per- 
from the reservoir was ‘prerequisite: of the disintegration. 
each arch’ was little affected. ” Clearly the in 1 the 
lower part of the arched decks cannot be attributed 'to the ‘absence of percolat- a i 
ing water. It is true that the lower part of each arched deck i is ‘thicker den 
that directly above, but such a difference i in thickness is too gradual end'too 
minor | ‘im:amount to afford the explanation, Instead the speaker is 


of the decks. teehee appears to be. plentiful and must hea in the form f 
of snow even before the temperature becomes very low. 
The absence of disintegration i in the lower ‘parts of the decks indicates that 
p percolation of reservoir water through | the conerete is not necessarily, or at 
least, rapidly, harmful. provided, there, is no. severe freezing | ‘at. the under 
side of ‘the deck. |. (Whether in the case of even the best quality of, con 
permitting percolation of water such, percolation ‘might not! per se. cause some 
disintegration in the course of a number of 3 years. is another question.) ay’ alae 

The speaker inclines to the view that the. disintegration of the. arched 
decks at Gem Lake was due to the combination of inferior concrete, percolatin 
water, ,and severe freezing alternating with thawing, and that, in the. absence 
of any- one ‘of these three unfavorable factors, disintegration would proheblt 
not have occurred, fact, number of unfavorable, factors may) prac: 
tically, be reduced ton twos, for, if, the concrete were’ impermeable percolation 
could not have oceurred. It is of special. significance that, the down-stream ‘od 


faces: of those: parts 0 of ‘the arched decks which suffered damage were at no = 


 ® Proceedings, Am. See. C. B., September, 1925, Papers and Discussions, p. 1820. rate 


e- + Charles W. Comstock, M. Am. Soc. C. E., has informed the speaker that he was. told | 
by members of the local operating ‘staff of the Power Company that the nearby 30-ft 
Agnew Lake Dam becomes completely with snow on ‘its wown- ‘side. 
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‘SOHEDENHELM on -ARCH DAM AT GEM) CALIF: 


ime of the wear protected, by, structural mt (snow) enclosure, 


> 


— 


of: concrete, dams, both. ‘of the. multiple-arch and: the, rein- 
concrete, slab-deck types, which, despite their. locations: i regions; of 


perform ‘their intended! functions and which, have: suffered. 1 no: disintegration 


thin. decks, whether in the form of arches, on of reinforced, concrete 


Also, it shows, that concrete can be: produced, which,. in, the; accepted 

sense, is-permanent. and, can successfully, withstand: the rigors of such, climates. 
loll grew, Lake Damm. California.—Of existing, hollow concrete, dams. which 


performing, their intended: functions the two which haye the; most dinect 


- bearing: on, the, Gem Lake. case, are. the, Agnew | Lake; Dam (the mate. of. the 
Lake. Dam), and the Lake Eleanor. The. Agnew: Lake. Dam v was 
built. by. the: same, company, by the; same. construction organization, and at 
=. the same time as the Gem Lake structure, so that it, too, has. had, ‘a, life of 


more, than nine) is situated | on. the same stream, at an) elevation 
only, about 500; ft. lower; hence, both dams are subject) to, practically. the same 


climatie conditions. The Agnew Lake Dam, however, is only 30 ft; high and 


isin a small, gorge, 80 that its its crest len length is, only: 280 ft. In consequence, 


dam. is reported to be snowed in ‘every winter, with the snow: on. the down- 


‘streams side extending. to. the very: top: of the structure. Bs Jorgensen, 
4 Am: Soc. C: E the: designer of: both dams, | states that: Agne ew: w: Reservoi ir 
remains practically full throughout: the ody otal od 


WE 


: ted) he design of the Agnew Lake Dam i is: the same ag that of the: Gem Lake 


Desiree wen ‘view of the low height of ‘the Agnew Lake ‘Dam, therefore, the thick- 


winter as in the cases of ‘those decks of! the Gem 

Lake Dam whieh: have suffered disintegration. to 
concrete of the: Agnew Lake structure tb: practioally thie: same: sas that 


at Gem Lake. The coarse aggregate was) taken from Gem Lake to Agnew 


| Bake The sand apparently. involved: ‘the only: difference from the Gem Lake 
construction, as. about one-half of it-came from Gem Lake. and the remainder 
from Agnew Lake itself. — Hence in spots, at: least, even the sand must have 
been. the game as at Gem Lake; on the | other hand, Mn J orgensen was of the 
impression the ‘oeal’ Agnew Lake ‘sand was ofthe poorer quality, As 


and method making. the ‘conerete, 


“Multiple-Arch Dams.on Rush Greek, California,” ‘Sac, E., 
Transactions, See. GC. H., ve LXXXI (917), 
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en, 
“the difference? Pr the unfavorable conditions 


y, thus obviating severe freezing. The agrees with Mr.,Jo ongensen 
in the good « condition of the Agnew Lake Dam to its snow cover 


protecting the down- stream faces. of the arched decks, att 


Lake Eleanor Dam, California.— —The Lake Eleanor. Dam, of the Qity,.of 
rancisco, located, on “tributary of the Tuolumne River, is likewise of 


the > multiple- arch type and is of approximately the same height, namely, 70 
gross against the 80 4t..gross:height of the Gem Lake:Dam. . Lake Eleanor 
i is,on the western of the Sierra Nevadas at any. of only 


Nevertheless, the “Lake Jam, is subject to the. 


amd severe element of climatological conditions—alternate freezing 


ing;>in fact, the. conditions at. the Iiake Eleanor site are, not unlikely, more 
in:that, by reason, of the lower altitude, the oycle of. freezing jand 


ing mey soccur more frequently within a given time. ef boon, 


Phe panels of Lake Eleanor Dam between, centers of. buttresses are 
just-as-in the case of ‘Gem Lake. ite dength is approximately 1260 ‘it 


was built im }1917-18 -and the. ‘same engineer /had an -impoftant jpart in the 
design of each of the two structures, Although there ate certain differences 


the. thickness members, -these -are. ‘telatively minors it, vis fair to. state 
tothe conditions of ‘operation, for in ease e ithe 
n, ther reservoir ‘is reported 4 to be ‘eomparativély low. in. winter. -Ressibly there 
ir is ‘somewhat ‘more fluctuation of water surface during season in 
the Eleanor Reservoir than ‘in the Gem Lake: structute. As i in the. ease 
ithe latter, the Lake Eleanor ‘Dam -has no spillway apron, ti tor ‘any ‘other 
_ of renelosure. of the-space tbhetween buttresses. Its. spillway is in-a solid 
of the dam of rt t et Haq oft his Ward 
‘Chat has. been no’  disintégration ‘been ostated* M. 


Ami Qe Bi, aecording 


| the terrmhindlégy ‘whic they | properly prefer—as being either: aimsefe 


or uneconomical for 80 great a height as ‘that ultimately intended “for the _ 
Lake Eleanor site. . Nevertheless, the arclied decks-of'the existing(darh are 
intterided to‘be /utilized ‘and -reliéd-on ‘to furnish ‘thie lower '70,ft. of -water- tight 

upstream diaphragm ‘for the ultimate, high,’ rock-fill dam. Evidently, thése 


in responsible charge entertain ‘no doubts as to the-durability, of thisparticular 
Soc, C. B., January, 1926, Papers, and Discussions, p. 98. 
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he: Lake: ot Dam 
being a well as an ‘economic, “suecess* at ai 


to -Asiscohos ‘Dam,’ Maine. bu hollow dam 

. which’ has had a fairly long life is the Aziscohos Dam, built in 1910-11, on one 
on 4 of the tributaries of the Androscoggin River in Maine. It is about 75 ft. high 
} and the hollow concrete ‘part is about 500 ft. long, of which one-half i is spillway. 
The ‘spillway portion has | an apron | extending down about two-thirds the way 

Bur from the spillway | crest to the foundation tock, but no ta sufficient distance to ; 

have a material effect on temperature conditions i in that part of the dam as" 


: compared with the : bulkhead part, where there { is ‘not even a partial ‘enclosure 


oye 4 barn do att 
p- 


ne ps ~ ‘The deck is reinforced waa? has a flat surface on ‘th -stream side, but i is 
‘arched’ only on the down- stream side. “The minimum thickness of the deck 
ac. slab ‘at ‘the crown of the arches is ; apparently | about 30 in.’ ‘and the’ maximum > 
a about 36 in. The’ deck concrete is ‘said to be of 1:2.5: 8 proportions. A 
detailed description of the dam has been published. 
On the oceasion of an inspection of the Aziscohos Dam ‘in J une, 1922, the 
only disintegration observed by the speaker was in the | cases of two 1 reinforced 

eoncrete brace-beams i in the outlet bay, ‘exposed to water and freezing. "This 

aa err condition is confirmed by the observation of George O. Danforth; M. Am. ; 
Soe. OC. E., who visited the structure in 1993. Admittedly twelve years i is not 
long life ‘for a dam; ‘on the other hand, in practically’ every case of serious 
disintegration of the trouble has made itself known within ten ‘years. 
 Bugenia Falls: Development Dam, Ontario, Canada— hollow 


ae dam exposed to temperature conditions approximating those of Gem Lake 


Dam is that of the Eugenia Falls development of the 3 Hydro- Electric Power | 
 -Ocmmisslon of Ontario. This dam is of the Ambursen type; with the “con-— 
ventional reinforced concrete flat deck slab. It is situated about 70 miles 
northwest’ of Toronto, Ont. ‘Canada, in latitude ‘44° 20 North, where it 

subject to a maximum ‘ennisal variation of temperature of ‘about 125° Fahr., 
from zero to 90° above. The structure was 


stream side, except a “relatively short ‘spillway the of which 
so a distance below the spillway crest as to have negligible enclos- 


“upper one-third of the height of the’ dam. In | this part 0 of the structure | the 

Bp = concrete deck slabs are about 16 in. thick. The deck concrete is of 

ote, In ‘the main the foregoing information ‘regarding the Eugenia Falls Dam 
was furnished by’ the Chief Engineer of the Commission, F. A. Gaby; M. Am 

Boe. O.E. Dr. Gaby has further stated that recent inspection showed that 

the lower faces of the deck slabs have not ‘not disintegrated . A minor amount of - 

ve flaking i is said to be in evidence in the upper part of.the up-stream face of the 


Proceedings, Am. Soc. C. E., , January, (1926, Papers and Discussions, p. 95. 
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at some of ‘construction j joints, this being to the that 
_the upper parts of many of the deck slabs were poured during the u exfavasble ‘ 


temperatures of December. From the performance of this structure Dr. Gaby 


infers that concrete with proper proportioning and good mixing, so as to result ee: 
in a dense product, t, will sucessfully withstand rigorous ‘conditions of cold. 


One need not be surprised that there are various instances of hollow con 


dams (generally of the “Ambursen type) which are completely enclosed 
along Che wn beset faces of the buttresses and which have suffered no disin 


4 - tegration of concrete. _ In general, the enclosure results from the use of a com 


plete spillway apron. ‘An example of ‘such structures, w which has been’ visited ‘ 
‘in person by the speaker, is the Warrior Ridge Dam of the Penn Central Light 
and Power Company, on the Frankstown Branch of the ‘Juniata River i in Penn- 
. “ sylvania. | This structure, about 80 ft. high and about 450 ft, long, is entirely 
‘of spillway ‘section. . It was constructed i in 1906, thus having about 20 years 


_ Service to its credit. ‘The ‘speaker’ s earlier observation as to absence of disin- 
3 off pact Tat ‘toe ox ont ten 
tegration has been confirmed more recently by several other engineers. on 


TEE 


; 


mention ‘several other instructive cases where disintegration of concrete 
in i Shuts has occurred, the first is an intake dam,* on Bishop Oreek, in Cali- 


likewise on ‘the eastern the Sierra Nevadas, which suffered 


some disintegration on the down-stream face of the. relatively thin section of 


the daz m. This disintegration is reported to have been stopped by an ear arth - 


fl against the down-stream face, thus preventing extreme temperature 


‘variations at the surface of the concrete, 


Stony River Dam, West Virginia. -A case with which that spe caker has ha 
a considerable personal contact iA that o of the hollow, reinforced conerete dam a 
i ‘the Ambursen type, on Stony iver in West Virginia.+ This dam is situated | 
in ‘the northern part of the State at an altitude 3 400 ft . above sea level, and i is 

subject to severe freezing weather. It was constructed in 1912-13 , failed in 
a art in J annary, 1914, by the undermining of a too shallow cut- off wall, al , 


was reconstructed in 1914-15, the reconstruction being under the avr 


“In the concrete both the origina 
was utilized for the coarse and and 


4 ing, sand. 


, the good 


say ter 


. continue the use 0 of local aggregates. — - The only excuse | for the wet concrete lee 


ore Seralry 
hat time such was s the generally : accepted practice asia 


1e reconstruction certain structural m odifications were made 


4 That dart “of the dam which had failed had been of open bulkhead section, but 


a. Soc. C. E., September, 1925, Papers and Discussions, D.- -182 hi 
Soe. C. Vol. LXXXI (1917), pp 
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ON. MULTIPLE-. AROH DAM AT GEM LAKE, CALIF. | 

was replaced by means of.a second spillway, which, like the original spill 
Way,» hes a eompletely enclosing apron on the. down- stream ‘side. Furthermore, 
in corder to prevent ‘freezing of ‘the: foundation drainage system, ‘installed 


hroughout the entire dam as part of the r construction, a a concrete ‘housing 


was! ‘built in the previously open bays, only the bays. 


ne 


heig 
wall of concrete, 19 in. thick, ‘extending for ‘about two- thirds of. the height - 


_the d dam, , together with a roof, 7 in. thick, extending horizontally from the top 


of | the curtain-wall up stream to a junction with the deck. ee 


The. water- ‘level. fluctuates considerably. There i is no fixed regimen which 


fay oe During the first six years of the life of the original concrete, that is, until / 
1919, practically no evidence of disintegration was discernible. 4 ‘An inspection 


; in the autumn of 1919, however, revealed some spalling of concrete on the up- 


stream face of one of the original deck slabs near the center of the dam. Itis _ 
_ presumed that the spalling originated during the severe winter of 1917- 18, for 


sd which period a minimum temperature at the. dam of 36° below zero Far, was 


reported, At. the time of this ‘inspection the spalling extended to a depth of 


ie; 


— 5 ii in, , the total thickness of the ‘deck at this point being about 

S in. The | spalling extended ¢ across thie entire width of the deck slab (about 13 
 ft.); this fact, together with the further fact that this slab w the only Fone 
which had spalled, indicated t that the disintegration | may | have ee due to .. v | 


proper treatment of ‘the concrete. ‘in that partiew lar area. In 1 19: 21 the disin- 


tegrated slab» ‘petehed by superimposing a reinforced conerete slab, How- 


A water penetrated between the original and | superimposed slabs and the oe 


disintegration. of the original slab continued, until ‘inallly the concrete crum- 


’ bled and spalled on the lower or down- stream face of the slab in the “el 


Tn the meantime the two “adjacent deck slabs were sl lowing an increasing 


Seepage through the concrete, thus casting doubt on the earlier indication that 


2 ae the slab first showing disintegration. had been subject to an. isolat ted — 
of fa ulty workmanship. ‘Tt is likely, “however, that this ‘particular part, cof the 


ay 
original deck was made of concrete i in which, as eompared. with the remainder 


of the work, there was aggravated some error in n making the concrete, a8, for & 
Py instance, excessive water- cement ratio or improper curing. “The slabs 3 in point 5 
were. andoubtedly « cast at a time when there was no ‘freezing and possibly even _ 


during hot. weather. Further repair work was done during 1924, a 


bi, The area affected comprises only about t one-fourth o of 1% % of the total deck — 


area of the dam. It is important to note that there is no Tecord of any dis “ 
: Bey kes: below the roof of the housing (which applies to about three- fifths — 


of the bulkhead sections of the dam), and, ‘similarly, that there appears to be a 


“no disintegration whatsoever within sither the old or the new spillway, ‘and, 


"therefore, ‘completely enclosed, sections of the | structure. 


= The fact that i in the new y spillway. section there has been no disintegration, 

of deck, apron, or buttresses, the more noteworthy because there has" 


been considerable isinteretion in the new mat or channel flooring 
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andalso in: concrete placed during: the reconstruction to the foot- 
ings:in; that: part of the.dam. which had not:failed. This disintegration of the 
al newer concrete was. most t marked: on horizontal, or only slightly imelined) sur 
faces. _ The 1 newer concrete » which has suffered disin egration: was undoubtedly 
made with too much water and too, little. cement, especially considering the 
# quality of the aggregate used, and much of the conerete was placed during the 
winter: “However, | as compared with ‘that new conere e which the 


‘channel’ rere 0 


The new deck concrete is not superior to that of the original deeks. “The 


former are. somewhat thicker at the-same elevations, but the speaker: believes 


that it is primarily because of the: complete enclosure that: ‘the “new decks “pede 


successfully: the severe winter of 1917- 18 and ‘appear still to be i 
considering, possible: causes, the. disintegration. of th the small area 4 


deck, slab, in; the original, part: the dam,. question arises whether: the diffi- 

may; not, have: focused: at and been, due: to the. ice: sheet. covering: the 
reservoir in winter. The water surface of the reservoir may: actually hav if 

on slightly the, disintegrated: a: area during the winter of 1947-18 


moreover, the fact, that the disintegration was first noticeable.on.the up-stream 


surface implies, that, there. may. haye. been some plucking: action on the part 


of, the i ice, thus causing, ‘the; spalling. However, other facts: indicate 
that sheet As) “net primarily, responsible, but rather that) it) may have 

accentuated, and made obvious wdisintegration, which had an earlier and more 


eonseauent fropring ‘of the :slab: while. in, saturated: condition | and unpro- 


_ of, the. Gem 
— water level of. the reservoir. ol 
Limitation of Disintegration to Unenclosed Dams. —The speaker i is faniiliar a 


with or or, has reports; on, of, concrete, in various. ‘other: hollow /oon- 


instance, “where disintegration of concrete has. occurred in the. decks of 


against, severe, freezing te temperatures. He ‘would: not have ‘been. ‘surprised to 
learn, of, some eases, where, obviously: poor ‘concrete had disintegrated: ‘even 


percolation, from reservoir. water: ip funotioning under severe e handicaps: The 


apparently complete absence of disintegration i in enclosed parts of hollow co 


. 


_ Time and s ‘space do, not warrant consideration of the disintegration: of com> 


it is worthy of note that such disint ation has oceurred: rimarily in r co 


= 


= = 
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hie where there. is severe freezing and in parts of dams which are fully calepdan 


the prevailing atmospheric conditions. Incidentally, the disintegration 


has occurred in ‘such dams appears to be as ‘the ‘surfaces 


tentative that hollow concrete may y be « constructed and relied 


to be relatively ‘permanent, provided: 


1—The design is good and the proportions of the members liberal, es 


fs - as regards thickness of concrete protecting any reinforcing ‘steel. 
in a proper manner, in 7 


ol Be —The. concrete is made of proper materials and i 


of 


acoordance with present knowledge of the art, This involves capable, con- 
scientious, rigid, and authoritative. inspection. t io ai ‘than 
sik  8-—-The dams are | enclosed by means of diaphragms or heat-i nsulating walls 


located at or near the down- stream faces of the buttresses. 


This tentative conclusion has been reached with full recognition of the 

— faet that hollow concrete structures of necessity can tolerate disintegration a 
to a less extent than solid concrete dams. The point is that disintegration — 

The speaker i is to believe that hollow. concrete dams 


iy. 


‘| 


which at best enter into work, he it is 


_ conservative to rely entirely on obtaining the proper quality of a 


The ‘most important quality ‘be. ettained in ‘the deck concrete 0 


of the concrete itself. Without presuming to have any final 
on the point, the e speaker doubts the practicability of obtaining in dams reli ‘ ae 


water- -tight « concrete decks by) means of surface or membrane coverings. 
R _ Acknowledging that, in general, such coverings must be of some benefit, he 
prefers to place his main reliance on properly attained density of ‘the eonerete 


to the character of the it should be n oted that 
; the form of the enclosure in the case of the ‘Stony River Dam was governed = 


different consideration, If this point of protecting the 


have been earried to’ the full of the of 
within the 


freezing point. 
For instance, during the winter of 1915- 16, the lowest temperature within 


enclosed parte of the dam owas + 96° Fabr, whereas the lowest outde 


<i took place within, the enclosure.’ Evidently, the radiation of heat from 


m4 the reservoir water and from the foundation material into the enclosed space 


by to a large extent offsets the radiation of heat through the enclosing diaphragm a 


from the enclosed space into the outside air. to 
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+ stil ‘double; in the latter case, it affords an insulating ai air space within the 
wall, Hollow tile also seems appropriate’ for the purpose, tile ‘might be 
coated ‘with stucco or “Gunite” if a more pleasing : appearance is desired. Inei- 
‘dentally, especially if of concrete, serves as a brace between 
reservoir ‘aaa Coatesville, Pa., , of ‘the 
and constructed under the supervision of Alexander Potter, Assoc. : 
‘Soe. CO. E., in 1916- 17, is understood to have its non- -spilling concrete sec- 
tions by ‘an approximately vertical diap! of’ No. 28, four-rib 
“Hyrib?” (@ f rm of metal lathing), covered by a 1-in. thickness of plaster. 
However, it is further nderstood that an is solely for archi- 


-tectural effect. The ‘speaker also. notes with interest that one of the more — 
recent Norwegian dams, the so- -call 1 Dam, is enclosed ed by an insulat- 

ing wall on the down-stream side. 


iy Nature as to the his of the concrete used in the Geni Lake recons 
. Hort work, especially i in view of the somewhat ibe cement content. It ro 
be ‘of interest to know in what direction the diagonal cracks extend, ‘that 


es mentioned by” the a ruthorst as having occurred near the 1 up-stream toes of 
three of the buttresses. It appears not unlikely that these cracks are of the 


‘nature as those mentionedt by Mr. Lippincott, te 


W. ComsTooK,§ M. Am. Soo. C. E.—The note in the pi 


— ceding discussion seems to be one of condemnation of the concrete used in the Pa. 
original: construction. From. this opinion the speaker dissents. digit 
hay - Records of conerete tests made during construction are not at hand, but the 
ft speaker has h had access } to them an and has studied them carefully. To the best 
of his recollection compression tests on 6 by 12-4 in. 1. cylinders at 28 days. gave 


upward « of 1900 Ib. per sq. in. Generally this would be regarded « as satis- 


‘The speaker made an examination of Gem Lake and. Agnew Lake Dams it in 


various places where unsatisfactory. Except for the belt, 
about 80 ft. wide, of the arches of. Gem Lake Dam, which has been described . 
in ‘the paper, ‘the ; conerete ¥ was satisfactory i in appearance and perfectly sound, 


or ver 4 

j ringing clearly when struck with a hammer. "The buttresses at ‘Gem Take - 
were in per ect ‘condition. There was no spalling or other evidence of eterior- — 

ation. Agnew Lake Dam was apparently | in perfect condition throughout. ee 
speaker was not connected with the original construction of ‘these 
om and has no carter reason for erica he methods or materials used, 
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"Hows ON DAM AT aux LAKE, CALLE 


all, the. evidence indicates. that. the, work done: and the: results obtained 


were, as) good as possible with. the materials available, if 
Flinn* * has suggested, that con¢rete materials. should, be selected with 
greater. care, than, i is, usually. bestowed. upon them,, that they, should be, care- 


fully, analyzed, and. scientifically proportioned, — While. the soundness. of this 

- suggestion will not be questioned, and it is certain t that the best results s.cannot 

otherwise, be obtai ained, it should, _be remembered that. the. constructor. is, nearly 
always, limited considerations of ¢ cost, to. the sand and coarse, aggregate 


by, the surrounding territory, Cement. i is purchased under, standard 


specifications with which, all established brands. comply. Defective eonerete ii is 
arely due t to poor. cement, although | sometimes to im proper manipulation. 


In the ‘speaker’ opinion. unsatis actory ‘concrete Tesults. more. often, 
‘poor ‘sand than from. any | other one cause, but, in ‘this | material the. constructor 


frequently has little or no choice. The alternative is to use the best, that is 
and be content with concrete of quality inferior to the ideal. 
a: the time of the reinforcement of Gem ‘Lake Dam the sandpits used i in 


original construction were entirely. submerged and inaccessible. ~The: near- 


est, natural, sand would have. had to, be, hauled 16 miles and: then, drawn.up the 


inclines. and barged. across Agnew Lake, as was ; done with cement and, lumber, 
The cost was, prohibitir - It was, necessary to, grind the. country, rock. 
obtain sand, “Whether, the new concrete will be to the. old, remains 


' ‘alt A word as to Agnew Lake, Dam—it, is about. 550 ft. _ lower than Gem Lake 


and ° was built to afford storage for one, or two seasons Prior to the completion , 


Gem Lake Dam. ‘Since the completion of the 1 upper dam water stands’ 
__ almost constantly at spillway level i in Agnew Lake, thus protecting: ‘the: water 


against freezing on that side. Agnew Lake. Dam i is only little: more than 
30 ft. high, and: snowdrifts: pile: up to its fall height on the lower: side:every 
winter. This affords ample ‘protection against the freezing which has damaged 


 & pant of the. Gem Lake structure, and ‘accounts: for the present sound: con- 

: After a careful study: of both these dams | the. speaker. was unable to: find 
any other rs of the peculiar nature and location of the damage: than 
that given ini the paper. He does not believe: that the with any 


have: been better: to have chosen a1 an n entirely different type of dam in in the first 


Howsox,t Assoo. M. Aut. Soo, O. (by letter) “this 


noel frank diseussion of the failure of the. concrete i in n the arches of ‘the Gem. Lake 


Sy Ford Dam is _ extremely interesting to those engaged in the. design, and construc 
tion of ‘dams, and carries a warning. to those uilding thin exposed walls 
subject to water pressure. Many, theories may be advanced as to the _cause 
the failure, but all are without conglusive proof, The ‘most 
ebie clusions have been reached v. ‘the. authors ‘that moisture. found i its way into 
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3 and is by far the master effort yet attempted in this type of construction. _ 


"elude that field construction’ eomditions ‘make difficult, if ‘not 

possible, a concrete absolutely. impervious to the slightest penetration 

ui moisture. _ It is gratifying to note ‘that they ‘conclude: that the rock-fill type 


many advantages over other ‘types dams in such a locality as Gem 
— Lake. ‘The writer believes that the virtues of the rock-fill dam extend further 
"i than to localities such as Gem Lake. It adapts itself to certain foundations, — 


such as loose rock or cemented gravel i in stream beds, requiring a a minimum — 
of excavation compared with masonry dams. At ‘present, there is a ten- 
i “dency. toward the popularity of the rock- fill dam, probably due to the i increas- 


ing familiarity ‘of engineers w with it, ; “The writer has knowledge o five large 
ad 


proposed dams, all of the rock- fill 


LG ‘The roc ck- fill dam is not susceptible to such a refined degree of analysis 
ba & HO TO IDO JToowled dosrteu. 
he multiple- -arch, and owing to the very nature of the structure it is | not 
necessary that. it. should be. The design is largely. matter, of “experience 


and not of refined computation. 
ed Recently, the writer has been in charge of. the construetion of the super 
fill dam a ‘on the: Dix River in Kentucky, designed by F. Harza, 
Am. Soe. Cc. dam is 275 ft. high above the stream bed and 296° 


ft. above the foundation excavations.” Tt contains 1 800 OC 000 cu. yd. of materi 


‘properly designed the rock-fill has, for a water- tight skin 


pread over the exposed up-stream face, a ayer 0 of reinforce concrete which, 


in the larger dams, generally vs varies ean a maximum of 2 ft. toa , minimum 
of 6 in in thickness. In this respect the rock-fill type has something i in 


mon, with the multiple-arch; ‘both rely on a thin of concrete for ‘water 


tightness. In. ease of the rock- fill dam the concrete slab is protected. from 
‘dléments: oh the lower ‘side by the mass of the rock- fill over whieh it is is 
spread and on ‘which it relies for support. In the multiple-arch dam the thin. 


« ches are exposed a on the lower side to ‘the. elements, and it is believed to mS 


this exposure at Gem Lake that caused the failure. 


a ‘The large rock- fill dam must have a concrete water-skin of a quality Landi 


to, if not better ‘than , the aches of a concrete struéture. It must be as tiearly 
impervious ¢ as possible and, in addition, be able to develop great strength t 


4 


‘indeterminate stresses due to moverhénts in the rock- fill itself. By prope 


constriction of the body of ‘the dam, movéments: of fhe fill n may be partly 


_ trolled: and reduced i in amonnt, but nevertheless © they are present | in a greater — 
oF less ¢ degree, depending on the intelligence, guided by experience, used i in 
supervision of the construction of “‘Onice the apron of 
is poured against th 


tit 


be? able ‘to resist movements of dam, nor is it ever intended ‘that i 


shonld well- ‘designed apron; but t the apron may be 80 > desigmed 


isa fine com mbination. of proper d an good 
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Soc 


with the weir this i is ‘unusual, 


as shown 


parison: between the effect: of pl 


sitive ie 


(by letter). 
particular stress, on the effect of 
- degree of submergence i is. immaterial for amounts of less ‘than 70 ‘per cent. 


Table 8 RS which 


na a 4-ft. rectangular \ 


by 


Rouwer, Assoc. M. Am. Soo. 


IMPROVED VENTURI FLUME 


rites 


+—Mr, 


Parshall lays 
‘to his” report, the 


18 a 


veir and a 


fate 


—«4ft. improved Venturi flume. Table 8 gives “Be different percentages of sub- 


-mergence the ratio of the ‘submerged flow 


discharge te 


o the free flow discharge. 


TABLE 8.—A ComParIsON OF THE or SUBMERGENCE ON A 4&Foor 


Ay 


Recrancu.aR Wer AND A 4-Foor Improvep Venturi 


ME. 4 


|, [Lower Submer- 
in feet. | gence ratio. 
400 

0. 
0.600 

fy 


0.800. 
9.800 


8 


of 


> 


if 


vonage 
eral 


0.589, 


arth 
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@ Discussion pf the paper Ralph | L. “Parshall, Affiliate, 


February, 


O08 


1926, Proceedings. — 
Assoc. Irrig. Engr., Div. of U 


14.702. 


in 
| second-feet. 


155 
761 


-128 


6.046 


-686 


Ser} 


885 


phe 


8,016. 
ot 17 


0.913 
i, 
12.041 
10. 


18.799 
od 


trre 


s. of -Agricultur 
ment Station, Fort Collings, Colo. |... 


te t Received by the Secretary, December 4, 1925. 


S41 


Free flow 
discharge, m 
feet. 
ro 
8.316 
316 
6.000 at 


Discharge 
ratio. 


Sit 
tis 0.888 


‘943 
005 


0.558 


xe 
9.161 


5 
pelt 


stage 


# 550 


MTT 


18.71 


18.71 
18.71 


18.71 
py 


12 


0.468 


Bxperi- 


Ow: § Prepared from data of the Office of Irrigation Investigations, Div. of Agricultural BEng., 


Bureau of Public Roads, U. S. Dept. 
cultural | Experiment Station. 


of Agriculture, ‘co-operating with the Colorado Agri- 
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0.961 7.02 11.07 
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EFFECT OF SUBMERGENCE 
RECTANGULAR WEIR AND 


A IMPROVED VENTURI PLUME 


Papers) | 

— 

vad 

— 2.280 | 2.064 


the flume are 
based lon h heads referred to the crest level. On necount of the nature of the dat ta 


it was ‘not possible to obtain similar percentages of submergence for both th 
- weir and the Venturi flume, and in 1order. to make direct comparisons ‘possible, 


3 ie study of the diagram shows that: for submergences below 10%, there is 
~ little éffect on the discharge of the Venturi flume, while the discharge from the 
weir is materially : reduced . Hor submergences fr¢ from ‘70 to 90%, th the discharge 


ratios for both the ‘weir and the Venturi dectéase at abduit the 
but values. greater | than 90% the effect is greatér ‘on the Venturi flume. 
The fact that submergence ‘does not affect the of the improved Venturi 


for ratios Jess than approximately 709% is be ‘expected. It has ‘been 
es that at the control point, which in this | case is at the) orest, the depth q 
cannot drop below two-thirds of the total thead at the upper gauge point. 


other submergence does not affedt the discharge until 
depth 4s sufficient cause the depth at the contrél point to @xéeed 
the total head at the upper gauge point. the improved Venturi, flume, 


his: sipparently occurs when ‘the down- stream head, as meastited by Par- 
shall, ‘exceeds 70% ‘of the depth at the upper gauge. 


= 


Hydraulic Jump, in Open Channel Flow at High by Karl R. Kéfnison 
Assoc. M. Am. Soc. C. E., Transactions, Am. Soc. C. E., Vol. LXXX (1916), p. 346. ‘Flow 


Water Through Contractions, ” by. E. Lane, Assoc. M. Am. Soc. C. 
CG. 


E., Vol. UXXXIIT ((1919- 20), in | 
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indeterminate the authors. have some interesting 


The w riter has developed formulas for determining the moments in many 


‘a x up of two parts, (1) that resulting from 


orn 


RESTRAINED AND CONTINUOUS BEAMS 


HE ME of wgibeol to stay add gl 


THE ETHOD, OF CONJUGATE POINTS 


Messrs, W.. M. Winson, S. M. Co OTTEN, p- A, T. 
M. Wuson,t M. Am. Soo, E.. (by letter).t-For analyzing tatically 


= 


other types. Moreover, met hod—even. ene that, is rapid when _ completely 
ed—only results in, delay if the suegessive, steps, must, be, reviewed each 


‘time it is applied. The writer, believes that 1 the. algebraic methods available 


ad 


are as hast as the graphical method, presented | hy. the authors, that they have 
as great a range of application, and. that. they can, be Teyiewed more, quickly ‘ 


after a period of disuse. Moreover, they, do 1 not, 2 as implied, by the, authors, 

involve the ‘use. of differential equations, as very, simple. algebra and arith 
metic are all the mathematics, that are necessary in their application. 


structures of pd type analyzed in the pa paper.§ ‘These formulas are based on * 
the fact, that, fora, flexural, member, restrained (not, necessarily fixed) at the a 


the movement, rotation, ¢ , or transla 


Xk tion of one end relative to the other; and (2) that resulting from the loads” fetes 


if the ends’ were fixed. Inasmuch as the second part is independent of the 
remainder of the’structure of which the member forms a part, its value havin, 


once been obtained! for each of ‘the many types” ‘of loadings is, thenceforth 


the purpose of comparison with the ‘graphical ‘methods som 


fthe:cases treated analytically in Bulletin: 108 will'be noted’ briefly. Defini 
tions and nomenclature for these are'as follows: 


End’ A of a member to, a 


= distance from End B of a member to a th 


deflection’ of one end*of a ‘mem with respect to the other end, 
measured perpendicular to the initial position ‘of the member. 


x ends and ‘subjected to intermediate loads, the moment at the ends ‘is made 


lot * Diseussion: om the: paper by L. Hi Nishkian and D,. B. Steinman, Members, Am. Soc. C. E 
¢ Research Prof., Structural Eng., Univ. of Illinois, Urbana, 
t)Recetyed, by, the, Secretary, December: 12,2925, py 
-§ Bulletin 108, Eng. Experiment Station, Univ. of Illinois, by W. M. Wilson, F. E. Richart, — 
Camillo Weiss; “Stresses in Framed Structures,” by Hool and PP. "485 to 614. 
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NILSON ON MOMENTS IN RESTRAINED AND CONTINUOUS prams (Pay 


= vertical height of a structure. th potters 


eres error in the resisting moment due to neglect of the » shearing strain 


= length of a member. [TAHTAUA ait 
= change i in the rate of loading i in a unit distance. — rs 
ns = ratio ‘of K of the top to K of left column for ‘or 
-four- sided frame. * +hia dinghen 
ratio of K of the top member to K of ‘the bottom member for a_ 


2. s= - ratio of K of the top member to. K of the ri ght- nae column for 
‘four- ‘sided frame. 


load per unit of lex ngth (vatiable). 


wil Cab = resisting moment at’ End A of a member, 4B, fixed at both ends ~ 


© bs Ve 10 


of odulus of elasticity in tension and compression. gies 

solange = area of the moment diagram ofa ‘simple beam 


done iyo ‘resisting moment at End A. of a ‘member, AB, xed a A and 

olde hinged at B and having both ends at. the ‘same level. ~ 
ment of inertia of section of a member. 
To won reas) 
. Udoisnp K = ratio of moment of inertia o of section, to length of a member, ott <a 
= moment of an external couple. Bi 


resisting moment acting at the end, A, of a om | 


Pry 


M restating’ moment acting at the end, B, of a member, A 


—= rati one end of a member (with respect 
the other end) to the ] length of the member. shiny owt to 
= 


2pm + on +3 3p, for. a ‘symmetrical : four- -sided frame, 
= 6n n+ a ‘symmetrical four-sided f frame. 


10 


wes 


+ e+ ‘n) 4+ 6 +n ns? 4 + for 
2 [ns 4+. +4740 +8) +¢ + sn? 
for a two- legged rectangular bent with unequal legs. baw 
(8ns? ck, 11 ns - + + ++.n), for a a two- legged 


Fe rectangular bent, to = = § 


a, = change i in the slope of he tangent to. the elastic ‘curve of a me! 


“a: The ne signs | of. the in the equations are » determined | 


— 
— 
— 
— 
Me 
C 
4 
t to the elas BEM Be = 


is positive (+) ou: the is deflected ckwise direc- 


y Ba. (3) The moment of he internal stresses on a section i is yt (+) when 


it 
member 


about the end at 
which the is to be determined is positive (+), the sign before 
a - constant is minus" (—}} if the moment of f the ¢ external forces about the end at 
- which the ‘moment is to be determined i is negative. 5 -), the sign. before the 
constant is (+). | With the external forces acting downward, (Fig. 46) for the i 
moment at A, , Cap and Hap are preceded by. a minus ‘— ) sign, ™ for th 
= at B, Cpa and are preceded by a a plus C+): sign. 


eee 


The “symbol, C, repeepents the moment thet ‘would be produced ‘i. ‘the loads 
if the ends of the m! member were fixed, Cap being, the ‘moment at End A and 
Opa being the | moment at End B.. - “Thi is sometimes desirable for algebraic con 
venience, to introduce the ‘moment ‘produced by the given loads at the feed 
end of a beam that is fixed | at one end and hinged at the other. - This moment be’ 
4 moment at the -end of any 1y flexural AB, can be represented 
% by some. one of these equations. Values of C and H for _various loads | are ee 
in ble being 3 for! 3 being for unsymmetrical systems of loads 


‘Bqostion of. Three for wa 


Oh Map +2 Mao (w+ 1) + Mcp =—2(n Hes + + 
Equation (84) is to a any ny two adjacent spans 
¢ ving supports on the same wists no matter what the type _ 
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for the moments in statically indeterminate flexural members by the a 
Ae substitution of the values of =§ ff 
erivation of these equations. 
ntinuous girder of Fig. 47 is: a 
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Loading and Moment Diagram =| =Cap=CBa= Has’ Hpa=> 


“Sha i= 


at the ends, 


giao od aks bodjoa ail 


az, ( 


7 dio 
| 
4 
“2 
.fovol ed} no ote q 
iin 
— 
>, 
| 
Load varying as the ordinates of » parabole <i TD) srodiue adi 


length or value of ries 


n, represents > 


re 


i n and H mu s’ graphical method 
“before the ‘diagrams con 1 be co quantities known, 
Equation (34) takes the form, ax Lx. in which, a, b, and 
are numerical’ quantities. A similar ‘ba written for each pair 
adjacent spans and the values of a process of 
The Equation of Three Moments take somewhat different form when 
i ies applied to two adjacent ‘spans at one end of a . girder, depending on the con- 
a dition of restraint at the ends; ‘it is still further modified ‘if the supports ar: are ‘ 


‘not on the same level. Forms of ‘the: Equation of Three Moments covering 
all possible combinations ¢ of loading, length « of span, restraint of ends, settle- # 
ment ‘of supports, and changes in the moments of inertia at the supports are 
_ contained in Table 5. . The P’s” in the diagrams accompanying. Table 5 are 
a symbolic of any system | of loading, | the value of H for any particular loading 


being gi given in Tables 3 and The first term of the right-hand ‘member of 


these equations is zero in all cases if the : supports are on the s same level. These 


a equations make possible the solution of any problem in continuous girders” 


a except those involving 1 members the I of which varies between supports. These’ 


—— problems could also be solved i in a manner similar | to that. used by the 


ithors, substituting algebraic for graphic solution of the equations. 

Bulletin 108 of the Engineering ‘Experiment Station of the - ‘University 

Illinois, previously mentioned, contains: equations giving directly the 
moment nent at each support of girders continuous over three “supports and also” 


"those continuous 0 over four the equations. being applicable | for 

varies between supports. 


at 


girders co continuous over more than supports ‘it is “more convenient, to 
write the Equation of Three Moments" for each pair of adjacent ‘Spans, | ‘sub- 


stituting the he numerical v values for the constants, Hq and n, and solving the 
resulting: ‘numerical equations by a process of elimination. 


The authors have treated the two-legged rectangular bent carrying g a ver- 
tical Toad the top by ‘substituting an equivalent _three- continuous 


girder. This metl method can be used ‘only when the bent and | loading 
metrical about a v vertical line (Fig, 48), for which, 


Certainly this solut 
the authors Pig. ‘16*), especially since quantities ‘to and n 
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Sa hove is no quinones of supports, let all values of d in tl these equations equal zero. 
Tif there are no loads on girder except at supports, let all values of H in these equations: 


he additional advantage that it can be both the 
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a about cant tne (the treated by the authors), n and 
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ah Ce DA 
oF or the more general case with fixed bases where t e bent is symmetrical 


‘but the oe is not (Fig. 50), a case for which the author’s method is not 
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Bulletin 108 of the Station 1 of the University of 


inois, previously mentioned, also cortains the treatment of the bent oll 
many other conditions, such ‘as horizontal loads on one or both legs, couples at 


or both upper corners, and settlement, ‘spread, and rotation of 
t also contains analyses of: many similar structures not treated in the paper. 


"The writer welcomes the’ authors’ contribution to American literature on 


of structural engineering | that too Jong has. been: slighted i ‘the 
United States. In discussing the use! of economic, statically indeterminate 


odie *'* * but the devélopment of the same class sof structures in the United. 
se States appears: to have been retarded, by a prevailing impression that the re- 
quired ‘analysis is involved and tedious. The deterring, influence ‘of such an 


The writer. is in complete accord with this ‘statement. Too o many Amer 
i 
ican engineers prefer to ‘spend $10 for. construction work, in. order to avoid 


spending $1 for engineering g work. And they wonder why engin eers re poorl a 
why engineers are 


paid So long as stress analysis is limited to the selection of data rom shand- 
book, i it will be on,a plane with. clerical -work and the computer will receive, 


properly, a:clerk’s pays. The Medical Profession has. pretty well ‘rid itself 
a the quack, wit h his pills for all d Bai 


th, 


-himsel he ‘ 


term, “statically indeterminate,” has been too k long the ‘ 


_ graveyard” that frightens the student of structural engineering, but it is really 


~ nothing ri frighten any one willing to do. real “honest- -to- goodness” studying. oa 


From, statics to the analysis: of statically indeterminate stractures. js no great 
the, student who thoroughly understands statics. Tt probably takes 
- longer to master the theory and it certainly, takes longer to to work numerical 


¥ problems, but, the individual steps are no greater; it is sim ply the difference — 


between plowing a little field and plowing a one, 


The great, amount of. that is now, being published, the large 
schools are giving to subject, and 
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ming more and more convinced of the value of careful — 
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Corten,* Assoc. M. Am. Soc.’ Eye (by letter). the sense that 


q me the: authors have presented, in the technical language of the present day and as a 
ec c.. com rehensive whole, the essential features of methods of analysis ' which here- 


 tofore have been only in rather | fragmentary and. not readily a acces- 


sible, form, they have e performed a great service to the bulk of the profession, i 
and one that will undoubtedly receive its due ‘appreciation. 


_ There is, however, nothing essentially new in the final applied, methods of 
canalys ysis: “Some old things | are treate to ew names, , some established things: 
=) “are used.without; name or explanation, and the true major premise is proved 


consequence... In. the writer’s opinion, these substitutions and 
Pe Ke -re-arrangements have been to the detriment. of both theory. and presentation, 
# are and: it would have been better for the authors to have accepted principles here- , 


tofore developed: that were: available for their p purposes. The u ultimate result 


would: lave! been the e same; and the development of it. much. more 

Relation’ of Authors’ to: Previous: Methods-—The. most peculiar feature. of 


paper’ ‘is that the: authors do ‘not discuss: the points, U and except to 


state that ‘they are at a certain ‘point om the span and thet their al 


tuence of the applied loading”, w which is a somewhat indefinite 


in the whele: plan. oA Considerable space is devoted to the proof for the location : 


and value of the point; Ty» » all of which is predicated 0 on the properties: of the. 
points, U V. The “pennant diagram”, in turn, has the point, as 
essential ‘clement. Again, i in n the proof of the construction for the 
points”, , the properties assigned ‘to the and V-points are essential to the 
demonstration, and it might be said that this is teally a proof that the: 
erties assigned to the points are correct. Because of the evident importance | 
of these points, and the fact that they must as aa certain definite properties | J 
satis ‘authors’ ¥ whole theory, the explanation given for ‘them 


n ‘order t to ‘satisfy ‘the auth ors 
is decidedly inadequate. ‘would be interesting to know what suggested’ these 


f points and. their peculiar properties to the authors, and how their function may 


ta 


be defined, as related to the other parts of the authors? theory. 


Bi we Viewed . fro m the standpoint of methods previously” developed and in ‘use, 


Bi the U0 and V-points are easily explained and their significance is known, for they 


2 are: nothing other than Fidler’ “characteristic points”. These points were 
ie original discovery of Fidler and the basis of his method of ‘analysis, which in 

writer’s opinion is one of the teally great contributions to the technique 


"engineering design. t In view of the publicity and the more or less current 


wor 


Bs ot use of the method, it is quite remarkable that the authors should have devel- 


ral Oakland- Alameda Estuary. Tube, Alameda County Project, 


4 
“19 + Recetved by the 14, 1925, OB BAT 
$ Detailed deseriptions and. proofs of the method were published in of 


ings, Inst. C. E., Vol. 74, p. 196, 1883, and fn a ‘‘Practical Treatise om Bridge Construction, m 
by T. Claxton Fidler. ‘The method has since been treated by various writers, and was 
- abstracted in a paper entitled “Graphical and Mechanical Analysis of Frames, ” by BU E. 
Richart, Assoc. M. Am. Soc, Cc. E., and Ww. M. Am. Soe. C. Engineering and 
("Se 
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INED AND CONTINUOUS BEA 


the identical in meth withont, ever suspecting that 
discovery. chad. been antedated by.about forty. years, and that instead of the. 


mere U and designations their rightful name a 


4 


points”, which means somethings 
_ Another point of contact between the authors’ method and those that have nia 


preceded, is ‘the “pennant diagram”, which has heretofore been known as a 


PR 


“Ostenfeld’s auxiliary diagram”, as used i in. connection with, Fidler’ method. 


This diagram is described in the paper by. Messrs. Richart and Wilson pre-— 


iously referred to, who state in a footnote that “Professor ‘Ostenfeld devised 
this form « of diagram i in making a very general application of F idler’ 8 method : as 


various forms of continuous beams” The ‘ ‘pennant “diagram” is identical 


Ostenfeld’s, both in appearance and « The only. point of depar- 


ture is that under the latter name it was, regarded merely as an. adjunet to a ies 


major principle, whereas under the name of. ‘pennant” it becomes a. “prime 


mover”, since it (with a little assistance from the U and V V-points) determines : 


the “conjugate points” on which, the. whole. method Ostenfeld’s « ‘dia- 


gram determines these same points, by what. name if any, the writer does not 


Ow, but as a consequence and not as a cause. ef tite bins 


ith that, of idler plus ‘Ostenfeld ; the difference being that the authors. start 
in with the effect, and , casually acquiring the ‘ ‘characteristic points”, all 
unknown as such, at some stage of the process, prove the cause in terms = 


Ys and 2, so to speak, whereas, i in theory, this. process is. reversed, 


o its great improvement and clarity. bo. ohib 
definition, Fidler’s “characteristic points” are such that. the distance 
| from the points to the moment closing line is a function, of the slope of the 
at the support, and this he proved to hold true for the points when 
= according to the principles developed. _Haying these points, the solu- q 
s tion of the problem consists simply i in, drawing moment “closing lines , that 
satisfy thea requirements for distance from the points. | This can haidene by ; 
- trial with relative ease if no other means are) presented; that i is, the solution | a 
dependent on “pennant: diagrams”, “conjugate points”, or other 
extraneous conception. Of course, ia direct solution is preferable to one by 
ig trial, and this Ostenfeld’s diagram provides. is, however, 1 nothing | a 
speci “conju- 
‘point through 1 whieh any. line passing will satisfy the conditions 
Fidler’s “points. ‘The same definite r result, may be. accomplished. by several 
other constructions, one of which ‘will be given subsequently, Certainly, the 
conception of conjugate points As; in ‘no way essential, to .the problem, , for 1 the 
writer has been using them for peveral years without ever being impressed 
i with the fact that. they required a name and theory to | support ther 
purpose e was equally well served when they were merely points onithe 
moment closing line. 


‘In general, it appears to the writer that method of ‘nately is 
hg a clear case of “the tail wagging the dog”; that Fidler’s. points, by whatever 


the authors: may call them, are necessarily the actuating principle’ 
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dover of a of more or less theory which ‘principally serves to 


prove the correctness of the points. Furthermore, when Fidler’s points are 
adopted ‘as the fundamental argument, ‘there is | available ut once a eh 
tangible, and self-sufficient law, which, if expressed in its’ ‘general terms, 
» without ee to all the cases that the authors have considered. | Also, 


will be shown, ‘the conception “of the ‘ “characteristic points” leads directly 
to some very material short cuts, as : compared with the authors’ methods.’ It is 
for’ these reasons: that the writer believes the purpose’ of the paper would have 

ae oth better served had the authors informed themselves of Fidler’s principles 

grid’ ued * them as the foundation. This would have ‘detracted ‘nothing from 

2 Bees value and timeliness of the paper, for the : strangest thing about Fidler’s* 

method, in view of its excellence, antiquity, y, and rather broad publication, is 


that few (relatively): are acquainted it. Furthermore, the 


peculiar form in which the is presented. ‘as far the 
a is aware, the method has never been carried to ‘its logical and final develop-. . 
was real 3 need for a paper such as the authors | 

presented, and this i is in no wise diminished by the fact that the presentation 5 


involve little of true originality or novelty. Hin ot 


Another peculiar coincidence as to methods and rewidts tb be’ found i 
the ‘tables of constants” (Section 14*), ‘for! ‘eases of varying ‘moments of 


nertia. . A very comprehensive set of tables of identical form; but different — 
alues, has been prepared and published by A. Strassner,+ who developed a 
system: quite different from that of Fidler. Superficially, there would appear 

to be no connection between the ideas and no possibility of using » Strassner’s 
tables in connection with Fidler’s method. Certainly, Strassner’ himself indi- 


= 5 4 cates no such possibility ; but due to the ingenuity of Walter H. Ruppel, Assoc. 


Mi 


ae:  MAm. . Soe. C. E., assisted by Mr. Herman Schorer, both of whom were then 


(middle of 1924) associated ‘with the writer on ‘some rather intricate design, 
it was discovered that Strassner’s tables could be adapted with relative ease 
i.’ give the heights and lateral positions of Fidler’s “characteristic points”. ; 

‘Incidentally, these tables also give the fixing moments at the ends of the beam, 
er as required ‘inthe solution of problems by the slope-deflection method. Mr. P 
4 Ruppel ‘worked ‘out a ‘complete: set of formulas for transposing Strassner’s , 
tabular values into required in Fidler’s ¢ or the! 


Strassner its ‘as, ‘iy, r and and the are not alike. Mr. 


Ruppel discovered, however, w ndm = ~; and this is veri- 

‘authors’ tables even to, the, last, decimal place, series: of 
represented ere is little short of marvellous. 
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| os woald. be to accept. Strassner’s tables and modify them. according to Mr. 


= heretofore been cover er the more cases s here treated, 


P apers. 


authors, refer. very casually to the. preparation of these table 


writer has no. desire to, undertake “such a task. ‘The time and e ffort 


required for original computations would be. ‘appalling, and out of all pro- 
portion to. ‘their value to the individual. designing engineer. An alternative 


4 ppel’s findings, which i in itself is no mean undertaking. Fortunately, Ma. 


Fuppel has done:: this work ‘and will present it ina discussion of the Paper,* 
ie. 50 that each e engineer will not be faced with the painful necessity of pr preparing: is 


his: own original tables, as suggested by the authors. Yo wal 

Fidler’s: M ethod Needs Explanation.—As the writer has intimated, he 

f of the opinion that Fidler’s Method of Characteristic Points is the peer of es. 
me thods for treating moments in restrained and continuous beams, 

ie that it deserves a wider publicity and understanding than it now has. «infor 


4 tunately, as : far as 3 the writer is aware, there is no really acceptable and com- 
préhensible treatment of the subject to which those interested might be referred. 


md There are Fidler’s own ‘writings, of course, but these are not in current cireula- 
tion and therefore are ‘difficult to obtain.” Although’ the writer has not read 
_ these ‘books and so cannot speak from personal knowledge, he is informed, — 


y engineers well qualified to judge, that the subject is there presented i in such “ a 
eg ua peculiar and awkward manner as to be unnecessarily difficult to follow and 


digest. Furthermore, Fidler did not carry the development of his formulas 


‘and methods to cover conditions which now “obtain: in structural | design, so 
‘that judgi ing from his own the method, might be ‘thought inade- 
meet the complex requirements of ‘day. Aside. from Fidler’s own 


writings, the discussions of the subject within the» writer’s knowledge, are 6x 


one tha 


whats 


sive manner adapted to 


GO 


Using F idler’s_ fundamental proposition, as the argument, the writer has 


his method to include. the most, general, cases, and has shown that 
equation controls throughout in unchanged. form. In view of the 
‘ 4 situation as outlined, it seems appropriate to give here a complete | description 


of t this development.  Itis hoped that the presentation will succeed in demon- 


strating the inherent simplicity and excellence of Fidler’s Method of Charac- 


teristic Points, and of making. this method more generally available. to, th 


which case the presentation will be fully justified. “Ina any event it is 


that these broader. applications of the method are not generally, Rees 
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COTTEN ON MOMENTS IN RESTRAINED AND CONTINUOUS BEAMS 


Definitions: ‘and Conditions f or Fidler’s “Char acteristic Points’ 


tering on the general equations relating to the “charac cteristic points”, 
will be advisable to discuss their more evident and tangible properties, particu- 


larly since fundamentally there is ‘nothing to indicate the existence of such 

ee re points, and the demonstration that they do exist must take the form of proting 

‘that properties observed for specific ¢ cases are also of general application. ‘The 


Ms Tolag conception of the characteristic point ina general sense, is a mere hypothesis, 
and it must be demonstrated this in bare a of the 


over: ‘the ‘supports be called the moment closing line. ‘Then, te \ 


ent 


am over the suport sawe ef 


Aty in the direction of the elastic curve “due to ‘the stress i in 


— 


hen the end of a beam is fully restrained, or. “fixed, ” this angular change 


is zero by definition. Since the vertical | distance between the characteristic 


and the m moment closing ine is proportional to the angular change at the 


end of the beam, and | since this. angular change i is zero when the end i is fixed, 


ae distance fi from the point to the line must also be zero; that is, the point lies 

on the line for this condition. Since, in general, the slopes at ‘the two ends — 

oe the beam may be different, it is evident that there must be one characteristi Cc 

aay ‘point: for each end of the eee igg By definition, then, these two characteristic 

a points will lie on the moment closing line when the two ends of the beam are 


4 fixed. ‘That ‘this conception has an important bearing on t he ‘practical appli = 


cation of the method will shown subsequently. Likewise, by ‘definition, 


- considering the same beam unde the same loading, but fixed at one énd only 


freely supported | at the o ther, th e characteristic ‘point corresponding to 


fixed end must lie on the moment ‘closing line. The tendency to angular 
: eS change at the ends of a beam i is a function of both the loading arid the prop: 


erties of ‘the beam itself, and since ‘the position of the characteristic point is a 


function of the angular change this position must likewise be a function of 


the loading and beam properties. Keeping the beam and loading ‘constant, it 


4 appears probable that, corresponding to the end of the beam considered fixed, 5 
3 ; there will be a characteristic ‘point common to the two conditions considered. — 


Pe If 80, it follows that this point must lie at the intersection ' of the corresponding — 
moment closing lines. In fact, if there is a characteristic point, it can 
since no other position would satisfy the conditions imposed. 


now a beam of constant, I, with its ends fixed, and under 
form load. The end moments are. If ¢ one the end 


cae moment i is ——, or 1.5 times the preceding value. _ The moment diagrams, 


superimposed, are shown in Fig. 61, for negative moments ‘only, 


The line, B’ 0’, is the 1 moment closing line when the beam is: | fixed at both: 


which, let J The lines, BY C and are the corres- 
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supported : at the other, for which » M’ “or 5. Itis evident that the line, 
‘intersects. the line, at; a point, V, which by proportion i is at two-, 


the triangle, BC and, ata ‘horizontal distance 


- 


§ as the centers of gravity of the corresponding triangular end moment 
“Also. when. Lis, the. Er areas to the 


wo end moments are likewise triangular, an their centers of gravity ‘ie 


the same vertica al a as. ‘those of the “areas ; in ‘the case considered, 


Ta to = 


B 
Ky (uit 


From the foregoing, certain general conditions have been established which 
the characteristic points ‘must satisfy, and characteristic points have been 
10 
established to satisfy a specific condition. Since there can necessarily. be only 


one position of ea each ‘characteristic point corresponding to a certain beam a and ‘e 
loading, it follows that, if the e hypothesis regarding the points is true, the gen- , 


eral case must conform to the spec ific facts develo ped. — It. remains to i 


strate that such i is the « case; that a point located on the moment closing line, 


Vertioally’ above the center of gravity 0 of the negative - _-area 


ing to one end of the, beam, ASatistios ‘the, definition of the characteristic point 
ee _ Notation and Theorems. __The notation herein will be the same as that used. 


by the authors, with. the additions 1 noted, Iti is) assumed, unless otherwise stated, , 


- that the beam supports are at the same elevation and that the beam is horizontal. a 3 
Also, that the moment diagrams. are plotted with respect to a. horizontal Tine 


Md 
vehwen supports, which line will be called the ‘ ‘moment reference line” -(some- 


times called ‘the RL. It, ig also both positive and neg 
tive will be Plotted x normal to. above, this" line, as customary. the. 


Ls 


= the: span of the center to. center of supports. 
left. characteristic, point, Ate, height a above ‘the moment refs 


erence line (see Fig. 53), 


gilt. 
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hg Beatis V = the right characteristic wake ‘or its height above the moment ref- 


U’and = points on the moment closing line, Vertically: above and V, te 


(It will be observed that and V are the particu- 


dar values of U U’ and Vv’ when the moment line is that for 


“the beam completely fixed at both ends. ) ~The ‘moment closing 


line” will ‘sometimes be abbreviated to “M. C. L.” 
«t= the vertical distance from the moment closing line to, the left char- 
acteristic point, = ant of 

wi corresponding distance on the right side, x 


the restraining. moment at the left support, 


the restraining ‘moment at. the right support mo- 


ments will also be referred to as negative 


| = the area a the =>: diagram dices to the actual — 


, in which, A the area a of the 
of the - => _-diagram corresponding toa moment, 


bps A, applied “at the left end, the beam being considere: 


a (a the the foregoing, if l is taken in : feet, and M i in foot-pounds, then # Ei is ine 
per square foot and I is in feet to the fourth power, | 


is a = the horizontal ‘distance fro m the left s upport to the center of 
10,918. = fie horizontal distance from the left support to. the. center of 


= = the horizontal ‘distance the left suppo the ce nter of 


= t e slop of the beam at the left support rt. 


3 = the the beam at the right support. (By slope’ of beam is 


= the angle between the tangents to any two points on the elastic 


= the deflection of any point the with to" the 
~ position of’ the point i in 1 the unstressed beam; that is, the “pd 
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between the points be called a ‘Then, igs =a. ik 
Proof: This i is simply a modified form of the usual integral expression as 
of materials, in the e form of 


5 - in practically any tex xt on the mechanics o 
the 


of any point, ¢, on 


Theorem No. 2.—The vertical displacement, 
astic curve with respect to the tangent at any other point, b, b, is bai statical 

pi That 


oment of the - area between the po taken about the 
equal: the hérizontal distando Wom to the center of gravity of 


Proof: This is a modified form of . usual al integral expression, y’ ee 7 
‘Theorem No. 3.—The atigle, d; which clastic ¢ curve makes with the 
at. the support is. the reaction at. that support, when the beam 


considered, as a supporting g the ——- area treated ‘as a load. 
Miditoh vd 
Proof: "(See Fig. 52) liven loade BC, the he at Bis s 
Theorem No. 2 the. y of with respect, the tangent at B equals. 
L, also. "Therefore, 
which is he. for 


‘span the - area ¥ a load. That i is, if the distance of 
the left support is called = — az, i 
ais the —~- area between the left support and the point, c, and z is the 
by 


The reaction at Bis is from Theorem No. 
= distance e f — distance ¢ 


* For proof, if any is see, Church’s. 
t See Church's “Mechanics of Materials.” 
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but distance ef = 2% a, and from Theorem No. 2, di ‘distance of = a2. Therefore, 


7 = oa — as, and since ¢’ is the reaction at B, this is the expression for the 


ment ‘at when the beam is loaded with the e area, 


certain M, ‘applied at. the ‘support, is Ge to the angle, 


and rom ‘Theorem No. 2 the displacement of B with respect to the’ tangent at 


the angle at C equals ty painta on the blasts: 


Jo 


‘The displacement of with the tangent at B ily 


— 
or 
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Corresponding to any value of x there is some parti 
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he _ Equation (49) is identical with 1 Fee (48), except as to sign, due to change is. 
of limits. Therefore, = — when the moment, M = is alternately 
= "applied at B and C, respectively. Suiwollor ont ant 
General Proof of the T heorem of” Characteristic Pc Points.’ Consider a beam 
of ach character that FI is a variable throughout. ends are ‘restrained 
by the moments, an nd M” values of A’ and A” are. different; and 
are apparently unrelated and may vary re The conditions 


~ 
loading. The - loa is A’ M’ and A” M”, 


and the lateral position of centers of these areas is the same as 4 3 
for A’ and A”. These 1 negative areas may be regarded as 
dis “od bag | | ad 

2 90 Das 9 ot orl} soulay 


i oh are show 

ence own below. the line, opposite the noritive 


co 


‘rote 


4 

§ 


+ 
and no attempt is made at consistency. ihe areas, A’, A’ and My may” 
— 
sy 
inh 
= 
te 


These are the four equations 

3 applies to the general 


case is necessarily quite involved and peculiar. It is described in some detail, 

as otherwise tl the significance | of the following four steps that are required will 
not bes apparent. 


i '- (1).—It will be assumed that the theorem of “characteristic points” is s still 


-hypothesis,: and that there are only those indications relative to. the 
point which have so so far "been developed i in this, discussion, It will be further 
: assumed that the hypo thesis is true, e, and that the points ; will lie on the ‘moment i 
closing line as for completely fixed ends, and vertically above the center of q 
gravity of the areas, A’ and A”, respectively, as heretofore indicated. od 


.Q) —A value will be found for the height of each characteristic point for 7 


“a specie case that will permit this determination. Tf the theorem true, 
‘these must be the true values, since point can have only one value 


—The v values as found will, be assumed to be true, and be sub- 


>. 


tituted in a specific case involving both, which w ill lead “to fdenitity 
_ between apparently unlike | quant tities, and to a valuable proportional relation- 
- ship between others. 19 These > findings will be true only if the values as found 


—Assuming that the findings under Step. (2) are true, Step (3) 
mits the substitution of terms in the original equations which puts them into 


“the same form as” those developed. ‘under Step (2). A comparison of these 
“equations ‘demonstrates that the required conditions for the characteristic point. 


are- satisfied. Therefore the assumptions which led 1 to this conclusion are 


erified, the properties, as accepted ‘tentatively for the characteristic 
oints, are the true e general properties. ye valh 


Consider the beam fixed at the | left end blidapay supported : at ‘the right end. a 


since both and equal zero, from (50) : : 


_ (L—2) 


and the left- ry term of this equation omels the right- ry term of Reua- 


will be accepted tentatively a true. It is att b ernrd to proof at this 
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— sand 
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Consider, now, the conditions. as to end supports } reversed, in which cape, 
nd are both equal to zero, and, from Equation (BH), 


3 

rom which, by comparison | with Bquation 


ug 


which’ also accepted as ond ten to 
7 To demonstrate that the values of U and V as ‘given by Equations (86) ‘and 
ry (59) are true, it will be necessary to prove that these values satisfy the gen Me 


om Now, consider the beam fixed at bo both ends, and assume that the values of 


U and Vi ‘in (56) and (69), are true for this condition also. 


vd hobivih (Qa). ar (Or) 
_ Aw) MA" 
From. Revation (52), the left- hand side is equal to U, and moss Equation (56) _ oa 
the first. right-hand te 


erm is. also equal to U.. Therefore, the sum of the 
two right- hand terms must equal. 2er0, : ‘fom , multiplying, these ‘terms 


€8 28) to eobia riod antibi 


bie. 
‘Substituting in Equation (50), t the equation 


1G 

Yow, d = U’ The refore, (56) and (s9 nih ‘od prs 


to 


‘As Equation ‘(64) is Equation (63). divided sit: 


eee 


‘This shows. that! the distance from the assumed characteristic point to 
ha ‘Closing line is a -funetion of and proportional to at ‘the 


j 
33 
. 
aig 
— 
q 
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Considering “now the point, “y, trom dividing all terms 


From Equation (53) the left- hand expression equals and from Equa- 
on (59) the first term of the right- hand side also equals — Therefore, the 


sum of the last two 1 right- hand terms heaels zero. Multiplying each of these . 


Equation 51), the general becomes: 


“ 


(69) 


‘As Equation, (70) is | 


This ives: the same proof for the ‘point, as” 


Ls L is. the distance from end ‘the st span to center of. 
gravity of A”, and a” is the distance from the left end to the center of gravity 


Equation (72) gives useful that the areas, and A”, are 
nv "centers of gravity from the 

ends of the diagrams used as origins of moments. _ This provides an easy means > 

of finding any one of fo four required | values when. the other three are known, 


or it provides. a check | on the accuracy y of the results if the: four values are 


tion The foregoing relationship was incidentally ¢ was predicated 


on the truth of apparently unrelated assumptions. The proposition may be 


From Theorem No. 5, = tf when the moments, M” = 1and M = =1, 


auplied siternately, at, the Tight: and left respectively, of beam. Since 


reac ction of the 
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Adding to both sid 
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Dividing both sides of Equation (62) by M” and multiplying by 
sid 
or 
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of 
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A’, for a like reason, is ithe right-end reaction of A There 


the following facts have been demonstrated 


The theorem of Fidler’s characteristic: points: is true for all. condi: 
sally. above. ‘the centers. of gravity. pot 
© The height of the giv en by the following = 


en ithe.n moment sloring considering the beat, as, fixed at 


S, 


the | characteristic points, and the. moment closing line Are : 


(Equation (65)), and = (Equation (71)), which show that. 
distances vary directly as the -slope | of the beam at thea adjacent 


“support, and inversely as A’ or A 


(e) The products, A A” are equal, or A: 


It is not ‘required to evaluate or d”, as indicated in Equations (65) and 


(71). These | equations; have served their pu purpose in, defining the fundamental 
rédlationships and proportions. By, applying this, law..in the. graphical),con- 


struction to follow, the values and are automatically, 


Thein actual values, however, unimportant, since only. 


enter into:the solution ofthe problem: bite edt dojdw. on ret 


“WE It will) be observed that, other things: ibeing equal, height, of « the,char- 
acteristic points is a function of the magnitude of the, load. on the span, and 


tha heir lateral pation is a function of — and hence depends,soleiy on he 


= 


shape of the beam if ‘Ei is constant. From ‘this it will be seen that ‘the 
teristic points”? are indeed well named, being characteristic both of the loading — 


the beam and of the qualities of the beam itself. mort: 


= 


“the Toad ‘is, also- symmetrical shout of 
ard the Une. ara to ax areas 
3 Idols the member is,of constan E Z, the ——-areas are triangular, and Al = A” 
——_, §ince the characteristic oints are on the same vertical as the ‘center 


— 
which is an independent verification of the conclusions drawn from Equation 
— 
im 
qua- 
e | 
the § 
hese 
fe — 
(70) 
(71) 
‘al a 
FS, 
reby 
ows 
72) 
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= 


_ of gravity of these areas, x’ = — and Alto, su bétitutiny 


“When, in addition, the load is these 


+ 


the value of of if the load'is unsymmetrical, would require a con- 


siderable e: “expenditure of time: and effort. Fortunately, ‘this ‘usually. ean be 


— awebada by utilizing the principle that the U and V-points lie'on the m ment 


ae Tine as for the beam with ‘both ends fixed. Let M” equal the moment — 
at the left e end, and M” that, at the right, end for this condition. 


ams 
— 
various ‘arrangements load, from for most cases, and V 


‘such tables” appears in 


4 { 


the M par M”; may be determined with ease 
for almost any type of. loading. these tables, C4p = M! and Cg4 = M”. 


of determining U and Vi is predicated, of course, 


” Otherwise the EMOTE does not apply, since it would be more difficult: bo 


find _the-values of M’ and M” than to determine A and 2°, Likewise, it applies: 
when the member is s of constant ‘since such tables do not cover any 


these tab tables (Hool. and Kinne) are also given values of H4z and 


The former is t is the moment at the left end when that end is fixed and the al 
‘end simply ithe latter i the moment at the right end, for the reverse 


Hap, = 1 ‘The values are the 


Poin s” for Generdl Case-—Tf modified Strasinet’s ‘tables 
are prgileble, as the writer understands they will | be, the. values of U} V, a 


scat 


be derived with ‘ease for beams of “any sha e and loaded ‘in any 


— 4 
— | 
th 
(59a) 
— 
j 
— | 
— | 
— 
& 
— 
— 
— 
— i 3 
— = 
— 


ow MOMENTS IN ‘BBSTRAINED AND 

The presentation of this phase is, however, outside seope ‘this, 


Should such tables ‘as described ‘available, it will be in 
“all complex cases to determine the values of A®, A’, and 2, in order 
to ‘compute’ U ‘and’ No ‘great accuracy is ‘requited i in this ‘evaluation, and 


DM = “hy: AP de WA baw “bh of jor ae 
i the graphical method will give a satisfactory 


are plotted to a convenient scale on a good quality of light cardboard or press- aE 
may first be taken off ‘with planimeter; then the’ diagrams» 
may be cut out and their centers of gravity easily found by the method of ms 
two intersecting lines each containing the 


center of gravity,’ which therefore will lie at the intersection. 
Graphical Application of Theorem of Characteristic Points and. Auciliary 
- Constructions. It reniains to make application ‘of ‘the foregoing facts 1 in the a 5 
moment ‘distribution in continuous beams. Referring 


= dides of one of the sepporte: a continuous beam. and 
9 


refer tothe right- hand properties of the left-hand span, and let 4’, d, 
and ¢’ refer to the left-hand properties of the right-hand. span, according to the’ 
ould ob ait 


= 


“slope a 1 and dther downward, at the support. From “Equation 


4, from which, =— is A” That is, 


and thé line are inversely proportional to the areas, ‘a 

A”, corresponding’ to. the points... It is to. a graphical 
construction on that’ will satisfy this condition. hotssol 
Tn Fig! 54, let 1 be a known point on the moment. closing: line. Draw. the 
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= d = 0. (Because, if a’ =.0 0, hence, 


A’ =0; but, as A’ is not zero, — equals zero. 

ai Draw, the, line, V Dest It is. required to establish a point o n this, line such 
nol that “any other line drawn through it will satisfy the required proportions of 
tod. It, has-been shown. that is proportional to A’, and .d’ ito A” There- 


ny 
fore, SF is proportional to A’ and SG to A”, from which SF : A’ = FG: | 
+A”. Let FG = 1. Then, Similarly, S = 
Establish the point,, and erecta vertical to intersect, UV hats 
te point, 2, which is the’ required point, as found previously. 


Draw line, HTH, which. satisfies the. requirements, since: sit’ contains 


New, the distance, V C, proportional to and EU is \proportional. to d’; 

both VC.and are proportional to BD, From the relationships of the 

ey triangles involved, it is, apparent that any. other, line, isuch| as.ONH passing 
‘through rand will maintain the, same proportional values of . and 


as those given. by the line, AT. ‘Therefore, the point, point om “the 


moment ¢ closing line, since any line through this ‘point ) will satisfy. the required 

rf Of all the possible lines that _— be drawn through the known ing al 


mae aid P, there is only o one that will satisfy the conditions at other points. in 1 the 
These will be represented by other one for each 


the point, H, and through Bil This line intersects the line, BU, sin the q 


line. The restraint at the outside ends must be or 


rder to fix the starting and ending points of the diagram 


a It is believed that the method of establishing the points, Ta dis nd P, with © 


’ and A” as arguments, is the only possible method when the beam is non- 


symmetrical and of varying The customary construction, as 
by -Ostenfeld’ s auxiliary diagram (the at uthors’ “pennant diagram’ has" 
tances only as an argument, and thus requires the device of “transformed 


af a spans’ ’ when ET i is not the same for r every span. As in a continuous beam no 

one span of constant EI can be the equivalent of a non- ‘Sy ymmetrical span. of | 


varying EI such diagrams a1 are not applicable to this ease. It may be stated 


im passing ‘that: such diagrams. can be applied the. spans are of varying 


‘within themselves, but symmetrical, if the spans. are | proportion: 

ally to ‘their As A”, would ‘seem that there is:no) merit in 

~ousing-the principle of “transformed spans” ‘when the: same result ean 

oriplished Lin a: more simple and direct fashion. NG 


noteworthy feature of ‘the foregoing! method ‘of establishing: the, 


an oy owith A’ and A”:as ‘the argument, is: that it makes the construction | ‘entirely 


bie regardless of their tru rue ‘Telative: lengths. Thén, provided the char- 
acteristic points are “located in’ their true ‘relative ‘position on)»the ispan 


and that A and are proportional to the true span lengths, ‘the construc- 


tion ‘will give: the correct results; “No proof. ‘this statement will) be given 


of the scale length of the spans. | These may ‘be laid any 
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‘here, as is prattically self: and can be easily verified by actual 


= the s span n to t the left, and = the span to the right the 


port. “When ET is ‘different for these spans, but constant throughout 


‘When EI is. constant throughout each span of the beam, A’ varies as L, 


re, and vary as the spans in which 


and. A” varies as 


occur, or SF: L 2 = SA: : from which, SF : L, = 
‘case, however, FG + =) from which 


“entirely g general 
tical with that ‘shown by the authors’ the methods described 


the authors? Section TH are. a modified form of the writer's | general 
method, applied to. a a special case. The theory used by the writer to develop 


this method was entirely d different, however, from. that used by. the authors 


and serves. to demonstrate his assertion that, the. (conjugate). points. are 


i. merely incidental to, and derive all their _significanc e from, the JU and 
Kee (Fidler’s. characteristic). points, Also, since | “Theorem of Three 


Moments i in ‘Simplified Form”t. ‘accounted only for the _P-points, it is eeident 
the | U and V-points which bridge the gap between. the authors’ theory 


their graphical « constructions. From this-it appears that their 
give. adequate explanation ‘for, or tl theory, to support, these was 


a rather important omission. 
Referring. again to Fig. 64, if, 
H’, to the right 


that previously described will as indicated. This 


a a point of the moment closing line, but i in the span adjacent to the point, 
“A construction exactly a as, just described for locating ‘the Q and 


4 is inapplicable when the adjacent spans. are unloaded. an unloaded 


the. A and V-points. lis ie on. the reference. line, and hence. will not 
eae permit the determination of the intersections required in e fore 


t 
going method. A, modification. of the construetion to suit the . of 


"unloaded spans will now be developed.) 
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mn, is to nd UE to A”, (Seo Fic. 54) 
‘Since this construction deals” with: relationships and, VO 


have, any, value, may, be be made le, equal to 0A’, and. U E equal A 


A' 


1 
gl oye BD = a ‘she relagion, the 


These expressions for p and q are too * for use; and the 
es be ) ace mplished more simply than by performing the evaluation. 7 
hey are given here to demonstrate analytically certain important facts. 
will be observed ‘that the formulas contain no load tertis, also, that the’ dis 
Ta fe and q, determine the points, J and K; respec ctively. This shows that 
the lateral position of these latter points is ‘independent of the load, being” a 
function of: the’ properties of the beam only; from which’ it’ follows that for 
4 any given beam, irrespective of the conditions of lo yading, the points, P and | 7 
will Tie vertically above, or will ‘be coincident with, certain points, J and K, 


_ 


as for the beam without load. - When the points ale coincident that point i is 


also a point of inflection, si ce the moment closing | line will cross there. If 


there is a of inflection in ‘an ‘uniloaded beam it will: be either ‘at’ or J, 
“depending 0 the position’ of the loaded’ ‘span ect to the unloaded 
‘span const unloaded interior ‘spats to’ the left loaded 
eh the inflection point i is at J; for similar ‘anol the right, it is at K, as 


3 will be ‘apparent from the subsequent diagram. 
‘lee Te will be seen that the points, K and J, “possess: considerable significance 


and are e the principal ‘arguments in in their constructions. These points 


of prime importance ein considering Moving loads or ‘the constrattion of 


lines, ‘and much time and labor will be saved: by’ the’ ‘knowledge that 


moment closing | line always passes through certain predetermined .Boints 


within, themselves. “They are the fixed points of Ritter’s and of Strassner’s H 
7 


by 


& 
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of the latter.) om odt wordt , sbatqobe od 
graphical method will: now. be developed for determining the and 
points, Referring to Fig: 54, consider that, the load ‘in the left: hand ‘span 
removed, and that the known point, lies ‘on the moment reference line, 
G, as it generally will in: practice. There being no load'in the span the 


height of the characteristic ‘points! is zero; that is, v becomes coincident with 

and, hence, Q with K ‘and’ B with The situation will be as- as-indicated 
in’ Fig. (a), ‘the’ ‘other points: being determined by the method ‘previously 
. described. * This diagram is ‘not i ‘in any sense’ essential | to the following dem- 


_ onstration; but is given’ to indicate the transition between the: two constru 


tions, and to’ show that these are ‘essential in principle. 


woe sonil fe wath 


odT bax bits battoqque ont bao Tal al ody 


Consider’ now that ithe load. the right- -hand span.is also removed, there 
some loaded span still farther to the right. Then, the points, 7',.P, and 


U, ‘become coincident with ‘8, J , and |G, respectively, and, all..points in) ‘both 


spans Tie i in a sttaight line, as shown. i in Fig. 55 (b).., Draw the verticals oe 

the points, Vand UJ... The point, S, being located as! in Fig. 64,, the hne,, 

tlirough point will subtend on. the) above: verticals the required propor- 

distances, Vi. and. E Us As. proportionate values only. are | important 

be made equal to A’, and EU equal to A”. Draw. produced, 
intersecting the’ vertical through the, support at D, and draw. D#, intersecting 


OR U tin, the point, Then Dis proportional to V C; also to. As V 
| q = A’ and FU=A”, RDis proportional to both A’ ‘and A”, rand it i is i 
from thé triangles imvolved, that any other line as 0 D’ H, through: + the point, 


WV, (wall, maintain the same proportional distances. _ Therefore, the pointy J, jis 


..The 


Pr to. D, D,and E, intersecting B Ti in nthe 
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ats 


on the advantage that many of these auxiliary lines may be placed entirely ¢ 


point; is however, that the construction using 


be adopted, thereby retaining the same ‘methods throughout and also mak-— 


the point available for other conditions. hodtou 
ao _. With the exeeption of the manner of locating the point, S, the construc- 
_ tion of Fig. 55 (6) is identical with the customary form of Ostenfeld’s auxil-— 
ie” dary ‘diagram, whieh shows this diagram to be applicable to the general case, 


without ‘transformation of spans, provided the point, 8, is located: with A’ 
i and A” as arguments. It will be observed that this diagram establishes directly 


only the fixed point, Jd, but with the characteristic points as arguments, @x- 
ctly as previously used to locate the point, P; also, that this latter point will 
lie at the intersection of a vertical through J with the line, H T, produced, or 


with the line, B U, as in Fig. 55 (a). This latter line i is not, kiadapted, to the 


general construction, ‘however, and is not recommended for u use. ‘Tf the known 
point is on the right, instead of on the left as in Fig. 55 (0), a reversed but 


otherwise similar construction locates the K-points. 


The construction described possesses the merit of being perfectly 
- _ general and adapted without modification to any condition of beam ‘and load. q 
_ It requires a few more lines than the construction previously described, but 


7 


outside the principal diagram, resulting in a 


For these reasons the writer recommends this latter. ‘construction. 
In practice, it is evidently unnecessary to draw all the lines shown, since al 
__ The practical application of the fo oregoing is ing is shown in Fig. 56. - Although 7 


= for y purposes of illustration it was is necessary to assume some particu ar arrange- 
ment of ; loading, this diagram i is essentially general i in its nature, being appli- . 

‘ cable in principle to beams and loadings of any kind. It is assumed ‘that = 

the end i is pony supported, and the right end fixed. The moment at ‘the 


 - The arrangement of Fig. 56 was chosen so as to show in one diagram, as 
oud far as possible, instances of | every situation met i in The 


Bae The procedure ly ing out such a diagram is, as follows: 


Li 
_1—The reference and reaction lines a are drawn, anid the U a and 


—The reference line for the auxiliary diagram i 8 drawn, parallel to the 


| ig! wets and vertical lines are projected across Weta the U, V, and R- 


3—The 8- “points are located on n this auxiliary reference Bhat 
. pet. 4.—Begin at a point on the auxiliary reference line vertically below eknown 


point ¢ on the M. the first t span to the left. ‘the ‘is simply 
ported, ¢ or if there i is ‘a known moment at t 
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it 


tes 4 in so far as this discussion i is concerned, a cantilever projection from the end 
span or spans has no influence except as it determines a known point on the 


L. over the end support. ‘The beam is. regarded as simply supported, 


subjected to a known moment at this support, due to the cantilever. The 
cantilever itself may be considered as removed. ver “ae == 


It is int ad the point of beginning will lie the 


leg rth relative fixity may 


Note, however, that it is 


one thing to assume a of fixity, and it. Such pro- 
lie’ is pure ‘guesswork, which at best can only roughly ‘approximate the 
truth, and may be nowhere near ‘Such assumption i is only warranted when 


there is no rational method by which the restraint can be evaluated. 
The »point of beginning having been established, the Jz “points. are then 
located for each span in succession, by the diagrams as ‘indicated. It has been ; 
shown: that the J-points are either on the ‘moment closing line or vertically 


Verticals p roduced from the S-p 


3—F rom the known point, on the left draw 8 line the 


to the right, for the corresponding span. The intersection of “this 
line with vertical produced. from the corresponding -J-point, “determines 


another point, P. Beginning with this new point, the: ‘process is repeated 
un a. point, P, is located in every span but the first, in which it must be 


Tg —In the last span to the right the | ‘position of | the e point, ‘&P, and t he end © 

“moment, or the condition of restraint, are both known, which the 

M. C. L. for that span. The intersection of this line with the ) vertical through : 

~ the left support, is also. a point ¢ on 1 the M. Cc. L for the span to the left. This Ss 

point and the next point, P, to the left fix the M. O. L. for that span. ; 

process is repeated until the line is drawn for ‘every ‘span. 

m will be observed that if the points, P, are known, the Q “points are not ; 

‘required for the construction of the M. 0. On the other hand, had the | 
auxiliary ‘diagrams been started from the right end the Q- -points_wo mld have 
en established, and the points, P, would have been unnecessary. For ordinary 

cases the only in establishing both sets of points is that the 
va serves asa a check on the : accuracy of the construction. In Las 56 both sets 
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“When fealing’ with or’ influence K and 


ave real value, and it will be advisable to establish both.» teont 


ith ‘8. After ‘the M. Li’is each loaded ‘span the: ‘positive 


9.—The in ithe “loaded spans are given to the 
between ‘the’ My CO. and the positive moment curve; in unloaded ‘spans, 
the ordinates ‘between the M. 0. and the reference line, as shown’ by the 
res 
Application of the Met ethod to I indeterminate ‘Prames with Rigid 


‘The authors’ ‘treatment of the three- member rectangular frames, as shown in’ 
‘Figs. '16* and 17,4 is correct in so far as simple bending is concerned. Of — 
- course, there is also direct stress in the vertical members, ‘and’ thse must ‘be 
investigated ‘as columns under bending and direct stress ned. is 
The statement ‘that the ‘construction shown ‘is equally applicable 46 a 
- woidal frames is true only if ‘the frame and load is symmetrical about the’ ver- 
tical center line; that i is, the legs must have the same inelination and the, same. ws, 
= ‘dthetwtie, the. method may easily lead to ‘the most absurd results. In gen- 
eral, it must | be understood that this ‘method, as 80" far, is applicable 
only to such. conditions of structure: and loading as ‘will: satisfy the require? 
ment that the supports be. immovable, this being the fundamental premise of, 
the theory. Consequently, the application of the Indeterminate — 
frames must be approached with judgment and caution; T 
The authors’ statement} that an “unsymmetrical load on such frames in 
q “duces a condition equivalent to a yielding of f the supports ‘for tl the outer spans 
‘a is correct. “6 They neglected to state, however, that | lack of symmetry in the ie: 


3 frame itself would result in ‘the same thing, even if the load is ‘syihmnetrical — 
the frame rectangular. They also neglected to tell how ‘this: yielding is 


to be evaluated, in order ° to treat it as a settlement of the support. Ot would 


interesting to know how this is ‘done, in connection with the methods’ de- 
sno to ooanteize oft tel ben Unter brett 


\ This yielding i is nothing more, of course; thant thé deflection of the frame 
that ‘point, and can be! computed by well-known. methods. - Before the 
flection can be computed, however, the moments must be ‘Inoiwn} '80't that the - 
problem will already have been ‘solved, i in far as’ this discussion’ is con- 
¢ cerned. It is the writer’s opinion that when the load or frame is unsymmetrical ae 
and the joints are not positively restrained against displacement the problem * 


entirely "outside the Province of the methods described jby the authors, or | in 

- this discussion. > In such cases the writer. would suggest that reliance for short a 
cuts be placed in ‘some such work as Kleinlogel’s “Rahmenformeln”, 

- ready- for- -use formulas for practically any fi frame and loading. The = 


is a German publication, but | forturiately i is arranged s so that a . knowledge o 
sy language is not essential to ‘its use. | | “Stresses in Framed met 


= 


Proceedings, Am. Soc!C. E., October 1958 5,. Papers and Discussions, p. 
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previously, mentioned, “gives _simailan; data, less comprehensive, but sufficient 


Sorry 


for most practical jad aldssivba 9 ad tt bat [eet 


bers, by one member 


rotation, that is, of equal, vintdite. 
unloaded members at, the. joint. create. a restraining, moment, at the 7 
end of the loaded member, this. moment. being developed by the. rotation, of ithe 
joint through some angle, end of each member at the joint. must.nec- 


-_essarily turn, thro ous ugh this same angle, and the total moment developed. will 
contributed by. the, several members i in ‘proportion their. _Tigidities. oT ‘The 
‘measure of ‘the rigidity of a member, i in this sense, is the angle, , through ~ 


which the end will turn when a certain moment, M, is applied at that end. ‘ae 
Consider a member of any shape, simply supported at the right, end, and 


moment, M” 1, applied at that, end. . The | left. end may be restrained i in 


any, degree. “The moment, M’ at. the left. end may vary . from. _ zero, if, freely 


supported, t , if fixed. table of notation Fig. 58 for the 


ares, A A’, is 


on M=1. Lett -ares due to ‘the inoment at the end equal 
‘Then, A” AM’. equal the angle at the right ¢ end! Then, from 


 Byidentl tly, or resetance, of a member varies as 


r= this resistance, when 1. ‘The nr = — Bite 
edt Yo ae. ti teen o at .bots ve od of 


-mem- 


Ty eau the resistances. the several unloaded, mem- 


when. a moment, M” = 1, is applied, and let, equal the angle turned by the — 


whole: group at the ja joint when the same moment is there applied. since 


Am. Soc. C. E., 1925, Discussions, Pp. 1608, ° 
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Thats — effect of the several to one ‘4 
of such that it will develop the angle, under the appli- 
cation of a moment, M” = 1. Sinee ‘member any character will suffice, — 
the simplest equivalent - will natorally be adopted, ‘this: being: a simply 


ne beam of constant HJ. For this condition from Theorem No. Born wisdeimen | 


rom which, 


par 
aidt 


ue? 


‘For a ‘of constant EI combination of ‘span 


7 that when the point, ‘is located according to the: method herein 


When a mamber fe of constant I, — is also a constant. Therefore, 
A”, and if all. the. members are of con- 


(not necessarily equal), with simply supported ends, Equation 


in which, A,, A,, ete., are the values of A” for the various unloaded ‘members, ee 


and A” i is the value corresponding to the equivalent 


et E is constant for all members, as usual, Equation (75) reduées to: ye? 


in which, [,, to th the of the, individual un nloaded 


ysation 


Whish a formula commonly. used in ting the oft ‘wpans”, 
‘G and is equivalent to that given n by the au 


“4 
4 — 
t 4 > 
— 
q 
¥ 
4 } 
_ 
: 
= 
| 
q 
q 
7 previously as one of the arguments in locating S 
| 8, the equivalent span may _ 
| 
4 
— 
an 
= = 
q 
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The moment at the joint having been found, using as an argument 
‘equivalent m mber as here indicated, it is evident that this moment | as to be 


 Gatribé ted to the several component members in proportion to their values 


a4 ofr, or in inverse proportion to their values of ¢, as already defined. it these 


“members are all of constant HI: and’ simply supported. ‘the ‘moments will be 


distributed in inverse proportion to the values of A’ for the several members, 


or in direct proportion to their values of she 
eke ‘comply with the method herein described, Equation (76) is best licen 
for use when all the unloaded members are of constant EI. This formula 
is guadioated: on simply supported. ends for these members, but it can be used = 
when \the: ends of some of or all the members ate fixed, provided these. mem- 


bers are replaced by simply supported members of equal rigidity. The 


of ‘effecting’ this transformation is by altering the span’ lengths! 
et L be ‘the ‘length of! the’ simply supported ‘member, and &Z the length 


(ake of the member with a fixed left end. | ‘The value of # I is the same for both. — 


~The coefficient, k, be such that both members: will develop the same angle, 
when M” 1; is applied at the right end. » 


From Theorem No. 3, for the simply supporte member, ¢@ = or 
- the member with fixed ends, M = _— 0. 5, since the inflection point 


_ is at the third! point of the. span. . Expressing the, functions for this member i in 4 


terms of the length, L, the negative —-area = kA’ = ime kA", since - J 


A”, and the positive ant but for a beam fixed at one end, 


6, taking the limits at the ends of the beam, and from Theorem No. 


ol This must equal the angle as found for the ‘simply supported beam, or 
from \which, k . Conversely, the with fixed ends 
_is the equivalent i in ‘rigidity of a member three-fourths as long with simply sup-— 


ported ends. Therefore, when substituting in Equation (76). ‘the lengths uf 


bd any members fixed at the ends should be inserted at three- fourths of their 


doe’! not accord with! thd! authors” statement,* inference, that the 
a: rigidity of a member with one end. fixed is ~ that of the same member with 
supported ends. It is believed that that statement is in error. 


Application of the Method to Settlement of Supports. 


BO, of 'a continuous: beam of length, Le The left 


woth 


The degree o of restraint at thé ends is unknown. tad OY Yastevinps ai ban 
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81 comma ON MOMENTS IN RESTRAINED AND CONTINUOUS BEAMS 


that the ‘support, settles a a distance, D, with ‘Tespect to ‘the ‘eup- 


port 0.’ Bvidently, t the deflection of the beam’ at B with ‘respect to is equal 
to that of with respect to put of opposite sign.’ Let M’ and M” the 
& end moments as| before, at B and 0, respectively, ¢ exclusive of the effect « of ‘the is 


settlement, a and let M,’ and ‘equal th the corresponding end moments induced 


the settlement. For the case considered, MM, ’ will be positive and 


It has been, proved that for beams, of varying moment of Inertia, 


Substituting these values in Equations and (79), and dividing, by aa 


4 


3 


yank. « 


From Equation (52) and the imposed, however, the 


bracketed term in Equation (80) is equal to U, the height of the characteristic x 
. point, exclusive of the effect of settlement. 1s _ The right-hand term in brackets, — 


which is identical ‘in form except for sign, t the: of characteristic 


* 


a 


is equal to V, and ee ‘right hand: ‘to! v’ , the 


text tne: fork A? (b— reader the. weaker 


She 


Soc. 


tur 


Binee U’ are. they. ‘lie by definition ¢ on the 


vi moment closing line connecting me and M M”, ‘When the ends of the beam are 
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fixed, nd, therefore, must be evaluated for this condition. Consider. the 
a8, before, except that. it is is fixed at both ends, and there, are no loads ‘on i . 
span. ~The support, B, ‘settles, with respect to giving rise to the positive 


montent,, M 8 and the negative moment, M, at the ends. areas of the 
are M,' A'an d — M,’ A*. From Theorem No. the angle, 6, 


between the B ana ¢ ©, is the area o 


between the points, or 6 = = M,’ A’ —\M,’ but 6 =10 ‘by condition; there- 


A= fro from which, M,” = This forma. 


of B with respect to C, the beam may be con- 


4 

ced at ( 
ward pull and positive at resulting in nthe deflection, D. The pull 
ee at B generates a | moment, — M,” , at C; and ‘the ‘moment applied at B is M,’. 


| ‘The e corresponding —— - areas are’ — M,’ A” and M,' A’, the distances of their 

centers of gravity from B being x” and 2 , respectively, Then, 


but by and it has been proved = 


” 


4 


( 


gies 


Equation 
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‘ (86): and (87) give the heights of points for 
on n the! ‘right-hand ‘side are: th the heights. of for. thie 

settlement alone; the first term on the right-hand ‘side is 

the) member is symmetrical about of the; span,, 80, that, 


Equation (85) reduces to and. Equation (87) becomes : ga 


4 When E Lis constant throughoutithe beam; A’ = Als and, Equa- 


are for ‘the ‘two points ‘immediately settled 
support; and. additive to the. other. two. settlement, of, a support, effects 
characteristic only, in the two spans, comm oni to, the, suppe 


The entire credit for these, belongs to, Fidler,. and,, 
Ostenfeld and others who have added in one, respect or another. to, the structure 
for: which Fidler laid, the foundation. The writer. accepts entire, responsi- 
& _ bility for the partiewlar manner in, which, the. concept, is herein. developed and = 
expanded, , and trusts that he has suceeeded,.in adding something; to; the exist- 
ing literature, on. the; subject. The purpose, throughout, has been to, develop 
and present formulas: for the purely general case, and to lay, stress, on, the 
true | significance of these formulas. and, the graphical, operations, inyolyed, 

rather than to: deal: with specific instances of limited application., Thig. has . 
on necessarily resulted i in ‘some, rather intricate and involved operations, whic 
verel the the writer hes failed to 


oF he writer wishes:to express his appreciation of the assistance tendered. by 


Ruppel and H. A. Schirmer, Jun. Am. Soc. OE, » in having given 


manuscript critical, and careful Yeading, and i in. making suggestions, which 


A 


ir 4 
ig 
— 
: 
7 
3 have helped to determine the final form in which the discussion 1s presented. 


RANGER, * M, Am. Soo, C.,E. (by. letter) 
presented in this -paper—the simplified; form. of Theorem of 
‘Three and the graphical solution of the theorem iby. the: Method of 


writer has been ‘particularly interested in simplified ‘form. and 
detivation' of: the ‘three-moment ‘equation. » Various methods: of deducing this 


equation have been published, but this derivation appears: ‘simpler hos eas 


easily un lerstoo: than previously proposed. “The form g given in Equation 
can easily be "converted to the familiar form by substituting for the 
io right- hand members, 9, y and g, A, » their + values in terms of the loads, posi- ; 


tions, ¢ and ‘span lengths expressed in in the ordinary notation. 


Sar The graphical solution of the equation by, the Method. of Conjugate Points 
"possesses two distinct a advantages « over the analytical method, namely, the check — 
on the correctness of the construction in ‘Fig. 11,8 and the ‘simplicity of the 

graphical method when applied to ‘several ef dows: 


Rie positive, e check on'the ‘ebrrectness of the moments over the supports is 

ft advantageous in eliminating e errors that would otherwise be carried through the 


succeeding calculations. Any. one familiar with computations for 


of the reactions, ‘shears, or moments based thereon to check. The writer 


were wrong throughout because of an error in solving the three- d 
“moment ‘Such an error is much less likely to oceur when ‘the! mo 
ments até determined graphically. mi atsiog ows wat ue ata iog 
erhaps the principal ‘advantage of the ‘graphical ‘method ‘lies im its” easy 

: extension to cases involving more than two unknown moments. .| Although the 
Ey Se ‘solution: of such cases in’ practice ‘is ‘comparatively / infrequent) there 4 


doubtless numerous instances! where a al 4 


4 


betas rad il 


ical method, on’ is easily to number of spans and 
extension offers no additional » difficulty. This’ characteristic should 


it for use ‘in analyzing complex bas 
= Study of this pape er led the writer to ‘the conclusion that an eae 
“graphical solution utilizing” the familiar ‘equilibrium polygon would possess 


advantages. He accordingly devised the: following method of: 


the ¢ that ‘it may and ome 


Ms 


ae 


‘The moment based cn. do, 


Wig.’ wi moment areas, f A» determined, dnd the centers 

pits 
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reas A v Ay, and Ay are now laid off in 


Ap Ay and as single in Fig. 57(c), had been divided 


- =18—— 


3 


Es 


bis curve ¢ represents ‘the elastic; curve of the beam (consid: 
ered as three simple spans) ;* and straight lines connecting the points, L,.N,P, 
4 and Q, where the polygon intersects the reaction verticals, will en 


ha 


DANDCONTINUOUSBEAMS 515 
ct 
f 
of 
ve orces to any convenient scale, a pole, U, chosen at @ pole distance, 
a | adi and the rays drawn as shown. In Fig. 57(d), an equilibrium or string pol mx ° . 
is | 
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— 
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combining with h this simple beam curve a similar curve representing the 


effect of the areas due to M, and the moments. over the. supports ‘due to 


ontinuity. - (See Fig. 57 (b)). The. net displacement of the, beam at points 
a, b, ¢, and d (Fig. | 57(a)), is obviously ZeXO ; and as it is zero due to the effect. 


of the areas A, bpd and A,, alone, it must be zero due to the areas caused by 
and M,; ‘In other “words, inasmuch as the equilibrium polygon 

ihe, A Passes: through L, N,P, and Q,a similar polygon (using 


x the direction 


for:these” latter if rays are then in Fig. 
2, Py, may be scaled, and the desired moments hyenas 


and A,. is needed only to lodate N, P, and Q 
‘sub- -division of these areas discussed ‘previously is “unnecessary. pass 


the ‘equilibrium po olygon for L, N, P, and Q, the proced- 

is follows: Through drew any random ray, L Ff, to 


The direction of the ray g to the line of action of — 

be ce that this ray me intersect | L f produced at h on the line of action | of | 

the resultant of —2— * and — —. If this process. be repeated using a second ~ 


random direction for the initial r ray, gh will be intersected at a point, Fy, 
a the ray in this second construction corresponding to g h. ‘For simplicity, it is 
div of Soa 

No manier what direction is chosen for the initial ray, the gh line mu 
aaah, is easily verified, and will be apparent from a consid- 
ion of the auth ors? “pennant diagrams.”* E, being: located as point 
a ; through which the Tay from must pass, random rays can now b 
drawn through &, | and by a | process similar to the foregoing construction 


a point, May be located through which the ray from om 


"pass. The points, E, and suffice to the ‘required polygon, but asa 
check the points, Fy, and P, ‘should be similarly located by starting a4 


and working in the reverse The complete polygon, LSTUVQ, 


a: In a 57(c), Rays 1, 2, 3, 4, ‘end'5 are now drawn | parallel, respectively, ee 


and V Q. It is at once apparent ‘that Rays 2 aud 4 are 
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not and ‘hat ‘the intercept on the load line 8is 
while that for Rays 3 and 5is M, From these intercepts 
Bie 


the values of M, and M obtained 
In case are fixed ‘there be moments, and M,, existing 


AS 


from L to must coincide in direction with the simple beam ray, . 


and that f rom + with Q a Aside ‘this, the procedure i 


that just described. earl as. 


It appears to the writer that ‘this metho d ‘possesses 80 


264 


‘moment areas, and in the case of fixed ends the p proper “procedure 
given, suggests itself almost spontaneously. No derivations o or formulas 


are required, as it is unnecessary to make use of even the t three- moment 


equation. _ The graphical \procedure need not memorized, after the 
e. principle is once grasped the necessary constructions are almost self-evident. 
a It may not be inappropriate | to ) suggest some conditions under which 

= Method of Conjugate Points does not seem to be advisable. The writer do 


oF not believe that any graphical method will be extensively used for cases 
7. which the number of amine. | moments does not exceed two, as there is 


a minimum” of graphical work which will 


: _ methods could obtain reactions, ‘moments, ‘shears, and influence lines for a 


span girder, for instance, more ‘quickly analytically than graphically, 

For more ‘thai two unknown moments, however, the a idvantage of "graphics 


stated in their’ “Tntroduction,”* 0 stimu- 


“lating more care e structures, is dt, 
Progress in design can only be made through the 


“elimination ‘of ‘the ‘unknown. ‘There exists” in “quarters too 


‘great a tendency to decry thorough ‘calculation of such structures, on the 
. ; groun nd that the entire subject is enveloped i in such a haze of uncertainty as to 


defy analysis. It ‘will not do ‘to lose sight ‘of ‘the f fact’ that those ‘who are 


mor 


acquainted with ‘80- -ealled' “exact” “methods of calculation “should 


of analysis need be carried. calling attention to 


the importance of this and valuable its litera- 

vd hovieos 
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bun anil baol ‘tedt Har Isits 9 tox 


THE HEXAGONAL SLAB DESIGNOF 


Hare,t Esq (by letter). +The writer had the opportunity 
street paving Longview, Wash., and has been much interested in the results. 
interest, however, is not primarily in the strength, economy, or efficiency 
of this type of slab, which points are 80 ably discussed i in the paper and which | 
ae so vital to the engineer, but in the appearance of the 1 paving as laid ‘on the | 


‘streets. Any" longitudinal joint, whether continuous or bro ken, appears very 


joints, having x no sides parallel to ‘the ‘curb, lose ‘themselves 


view. In most cases they cannot be seen farther than 150 to 200 ft. away. 
that the pavement appears as one unbroken slab. bat sor 


_ Although often’ secondary from ‘the point of view of the engineer, q h 


esthetic effect of any paving is quite important to'those who use the street, 
especially when | ‘such paving is used on boulevards and parked roads, as ‘in 


te a ACOB ELD,§ Assoc Soo. C, E. (by letter), |The author plainly © 


g 


states his thesis and proves it. The right-angled corner is a pronounced weak- 
in a pavement. Both and: theoretically, he “shows; why 
‘Tight an ngles should find no rightful place in a . pavement design. Then, as : a 


o§ "solution to the problem, he recommends the use of hexagonal units , noting as . 


advantages" the decreased danger from temperature changes and the 


elimination of the right- angled. corners. However, as is plainly seen in Fig. 
by 


6,4 the proposed. type does not eliminate, ‘the right-angled corners along: th 


outer edges of the pavement. along these edges 1 that the greatest. stresses 
“occur and to allow for these, Mr. Perry. recommends greater t thickness of. the 


: “slab, along the edges—the same remedy as is. ‘used i in the present type of con- 


ony There, is; n no. special advantage i in having the intersections of f the joints 


ae with the edges ataggered: nor is the elimination of the square joints from fhe 


teslys® Discussion on the paper by Lewis A. Perfy, Assoc. Ami. Soe. C. E.; continued from 
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mwa on HEXAGONAL DESIGN OF PAVEMENT 


ely? obtained by of 
in square ‘arrangement. elimination of the straight 


center joint takes away” ‘the now common ‘traffic line, separating the 


of travel. There is no > doubt: that hexagonal slabs are of special value in 


paving large areas, as shown i ‘in Fig. 5,* ‘ and should be used in such ome 


since their cost is no more than that of 


square with somewhat less steel ‘reinforcement 


me area of forms.’ The cost is practically the same.’ Hexagonal footings 
are used only» where space limitations “govern, or for extremely large loads as, 


% _ The ‘author has brought out a novel idea and has proven its advan ages; 
bu it ‘the: writer cannot see where its use can be justified i in ‘the ordinary type ie : 


— 
* Proceedings, Am. Soc. C. E., November, 1925, Papers, P. 1801. 
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tok ai gaitead tot : Discussion* odt to qe. Int toa 


By Kennetu Aucen, M. Am, Soo.C E. to 


9 1) emoitsticti! sonqa otedw yao bees 
ENNETH M. Am. Soo. C, E. (by letter).¢— —The four papers§ by 
Messrs. Frost, Theriault, Streeter, and Hoskins present an admirable | summary 


an 


of the notable investigations carried on by the U. Public Health 


principles controlling oxidation and are same, the rates at 


which these take place and the products of decomposition are, because of the 


“salinity of the water, quite different. Moreover, the tides present 


to of flow, and degree of. dilution, 


variance with those found i in inland waters. 


i. de. B.. Parsons, M. Am. ©. This discussion i is ‘confined to 2 a résumé 


of the studies and work looking to a better control o over - the pollution 


the 
waters of New York Harbor that have been carried out since 1914. 


Dissolved Oxygen.—Chemical examinations to detect pollution have 


3 criterion of pollution for which field tests can be readily made. Begin- 
ning with the results obtained by the Metropolitan Sewerage Commission in 


1909 there i is, with the exception of 1910, a continuous record d of 1 warm-weather 


The: average and minimum percentages found at certain sta 

tions and the average for the main | branches of the harbor in 1909 and 1994 _ 

are given i in ‘Tables 18 and 19. About one- half the 1e samples were taken from a 
ee near the surface ‘and one-half from near the bottom so that the av averages fur- a 


nish. a fair measure of the general condition of the waters. == = 


_ Practically confined to tests for dissolved oxygen,f § as this has been found the a 


ua ee San. Engr., Office of Chf. Engr., Board of Estimate and Apportionment, New York, N. > . 
Received by the Secretary, November 24,1925. = ng, 
_ § Proceedings, Am. Soc. C. B., November, 1925, Papers and Discusstons, pp. 1809-1855. 
ye “Tidal Phenomena in the Harbor of New York,” Transactions q 
A Mmited number of oxygen demand, oxygen consum and hydroge 4 sts have 
_ also been made in connection with special studies, 


_ *® Published in 1917 and subsequently in the Annual Report of the Chief Engineer of t 
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STREAM POLLUTION 


TABLE S URATIONS OF ‘Dissouven Oxvarw: AT 


‘Throgs Neck 
42d Street 


x Mt. St. Vincent.......... 

Spuyten Duyvil 

155tb Street...... 

42d Street 


a Morris Height 


Avenue 


‘Robbins ee 


TLL 
a (Ghooters is Island. 
ARTHUR 
Opposite Fresh Kills., 
Tottenville Ferry 


Jamarca Ray: 


_ 


“Minimam and Number of samples and average 4 : 


1909, 


48%-Tune 25 


69%-July 
65%-Sept.7 
4 57% 22 
46%-July 
(University Heights), 
82% -July15 
(Third Avenue) $h 
21% 15 


(109th Street) | 


1195-Sept. 16 
Sept. 


Beach Channel and ape 


_ Island Ruilroad. 


Pereentage. 


0 
14%-Aug. 6 


Aug. 6 
159%- ANF 


10 
30%-July 8. 
1 


(University 
56% 


6- 41% 
Street)” 
28%-Aug.18 | 78% 
31%-June26 | 
10 


84%-Aug. 28 


Y wa 


$4%6-Suly 25 


q 
— 


Bergen Beach... on Sept. 68%-Sept. 12 


= The most striking loss of oxygen is seen in athe East 
4 River, where the degree o of saturation in 1924 was only 40% of that of 1908. ? 


In the summer of 1921 exceptionally low saturations were note 

— At Throgs Neck, an average of 49 and a minimum of 24 per cent, te 


the Narrows; an average of 35 and a minimum of 15 per cent. 
*’ n the Hudson River, an mn average of 30 and a minimum of 12 per ce int! . de 
2 In the Lower East River, an average of 16 and a minimum of 0 per ocnit, * 


In the Harlem River, an average of 15 and a minimum of 0 per cent. Percine 
Remembering that a : few days of complete depletion i in warm weather would | 


result in a a very | serious condition it j is 3 significant that from past experience... ee 
oft 424 | Street, , September 1921, 10098 


4 
4 | 
106th Street............ 
4% 
| 
__The general average su 
he 
| 
he 
| 
&g 


in the Hudson River phe (10% i in the East River, whereas in the H Harlem River 3 


is noted at times every summer. 


OF Naw ‘York Harzor. 


= 


wn 


vil. 


“ Total number 
of 


below 


udson River 
Kill van Kull. 


Spuyten Duy 
Upper Bay. 


ih 


| vim | 


280 


tHe: 


AIN BRANCHES or New York Harpor, JUNE 1 OcToBER dean 


Upper Bay, Robbins Reef...... 


Lower East River ald at ole 9° 


Population and Sewage —tThe chief cause of harbor pollution is the 


in sewage from the population ‘of the Metropolitan District, * now estimated at 
e population of New York Ci y was 5 620 048, or, excluding sailors on 


and those living on islands in the East River, about 5 500, 
and it is. estimated ‘that y 1960 this figure w 


ie * Including White Plains, N. Y., on the north, the mouth of Raritan River on the anki: 7; 
i the New York City limits on the east, and Paterson, Summit, and Perth Amboy, N. J., on the 

— west; in all about 700 sq. miles, within a range of from 15. to 20 miles fr om New York City = 
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os ‘STREAM POLLUTION 


it 
TABLE 24.—PoPULATION oF New NY, "RECORDED IN 1920 AND UF. 


Tributary in 1920to | Total. 


Harlem River..... 


_ Upper East River... 
_ Lower East River 


j Bay 
_ Lower Bay 


“Tributary in to 


4 j 


Upper East Biver..... ad 
Lower East River 


x y 
Tong Island Sound.. 


000 |. 1 190 900,000 


* Marble Hill (population 1 000 in 1920; 11 000 in 1960) included for sewerage studies 3 


ships, 71000, Y wat oral £85 
$ Population on outlying lands and sailors/on ships, 26000. 


ae  -§ Includes population on some areas at present draining to Harlem River, but intended — 
eventually for the Hudson River (295 000 from Manhattan and 292 000 from Jerome Avenue — 


ae In the entire Metropolitan District, as defined by the Metropolitan Sewerag 
- Commission,* th * there were 5 834 857 inhabitants i in New York State and 1863 577 
i = New Je ersey—a total of 7 698 434—in 1920, and by 1960 it is believed these 
figures, will be increased to 12 312 000 in New York and 3377 000 in New 


Jersey, or a total of 15 689 000. The distribution of these populations i is given 


— 


_ ‘The volume of sewage entering New York Harbor from. Ne ew ‘York City is is 


1960, ‘and the quantity each Borough to each of the main 
F a the harbor is given in Tables 28 and 24. From these tables it will be-seen 
that about four- fifths of the total quantity is received above The Narrows, 


through which it flows. to the ‘Lower Bay. These estimates are based on the » ote 
water supply, which averaged 131 gal. per capita of the residential a 
1920 and is estimated to average 130 gal. per capita in 1960, to which i is 


te 
ad ided a small volume due to infiltration. of ground- -water, 


: ug Aside from the : sewage of New York City there | is that from the. outlying ; 
population. if this is taken as averaging 80 eal.’ per capita daily, it amounts — 


oe _* Ineluding White Plains, N. Y,, on the north, the mouth of Raritan River on. the south, 
52 “the New York City limits on the east, and Paterson, Summit, and Perth Amboy, N. ‘J., on the “ 
west; in all about 700 sq. iles, within a range of ‘trom Ph to 20. wine from: New York ane 


Hall Metropolitan jewage -Comm., 1910. 


| 

| 

| *469.000] +2 011 000 | 116 500 | 686 500 

| 2 789 | 2 111 000* | 2 100 000 
— 

| 
@ 
— 

am + 
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ALLEN 02 


0 166 000 000 00 gal: ‘per day’: from a population of 078 386 


‘ _ amount to 303 000 000 gal. per day from 3 788 996 } persons in 1960. “The total 
volume then produced in the Metropolitan District be 2060 000 000 gal. 


‘TABLE 22. —Porutanion | OF IN’ 1920: 
1g Vi jead +9 Wot 


ORE ‘ 


Lan 
_ New York City 
‘Westchester County.. 
Nassau County 


a 

Counoty bea avis 41°152°794 4 


E DISCHARGED Into New HARBOR FROM THE 


op New Yorr mx 1920. gatziivo ao 
‘ 


 Soure 
: bata ots tad Manhattan. The Bronx. "Brooklyn. Queens. “Bichm 


th att. tan af 


be it ' * Allowing for 14 000 000 gal. per day diverted from the Borough of Queens to the East 
River, at at North 12th and South Sth Streeis, Brooklyn, 
‘of on.—As already he chief “cause of 


itan Dis- 


in 1920 and will 
— 
| a 
auc 
— 
‘Up 
i 
a 
om 
— 
ond. Total A 
Upper East River.. 
14 
‘ 
re 
4 


“ae 
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‘That entering each main brane ‘the harbor from each Bor igh 


0 of Ne ew ‘York in 1920 and as forecast for 1960 is given in Table 23. Witha 
6 ‘uniform i ‘increase the volume i ‘in 1925 may | be: taken at 10 050 000 000 gal. per day, ; 
and. assuming we daily volume. of 80 gal. per capita from the 2300 000 ‘persons 
im the: outlying sections of the ‘Metropolitan area the total volume now 


1.050.000 000 >< 23001000 = 184 000.000) = 19840000000 


TABLE 24.-—SEWAGE_ DiscHARGED New Harsor (FROM, THE : 


fio bas. of New 20102 ta-etotasages sen 


an 10}: GaLLons PER Day. doses ai 

MID 


h Br nx ro 


Sat. 
Queens. Richmond. 


Hudson River 


160. 


Kill v van Kull.. 


‘tan! 


hy wore 


i -- *Assuming 48 750 000 gal. per day diverted from the Harlem River to the Hudson River. : 

: a i ¢Assuming 43 260 000 gal. per day diverted from the Harlem River to the Hudson River, 
fAssuming 13.970 000 gal. per day diverted from Queens to Brooklyn. Bi BIL 1}. apcui it 
aye §Assuming 69 000 000 gal. per Gor Piyeroon from the Harlem River to the Lower East 


4} 


ion 0.000 ga» ‘per’ Gay i ‘the Bast River 

Of th tN 


le sewage receiv rom outside of New ork City by far the most 
contribution is he Passaic Valley Sewer District. The popu- 


is estim mated at 995 000 and the sewage . delivered - to the 
approximate 12 135 000 000 gal. per day. 7 No such volume, ~ 


is received at any yok outlet in the Metropolitan. District, ‘the 1050000 000 


ae day from the City. of J New York being discharged through about ial p 


Man attan ..,.+.. 


iz 


a7 
ill 
al 
al. 
— 
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lation of this Distri 
ow 
| 
| 
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e large woolen, silk, dye, chemical, and metal works and where their waste 


Besides the domestic sew 
an important consideration in the Passaic Valley Sewer District where there 


ere is more or less industrial q 


4 


"constitute a material part of the total flow. In New York there. are large — 
and oil works and limited number of other plants, such 


ag houses, dye works, ete., 


— 


the New York area ‘one, oil, do not 
conditions. Although it ‘is admitted that, in Spite of the-1 required 


“the sewer sewers and are the cause of occasional explosions, the total | domestic sewage sewage 
is so much larger in proportion that oil from these sources is not be wa 


at most sewer outlets. 7 The fields of sleek ¢ and oil found | on the @ open water 


at m 

are ‘mai ly due: to ‘the surreptitious | pumping out ‘of 6 il ta anks on vessels, from 
om the e waste i 


malta 

rs are 


in the slips, in “Wallabout Basin, Gowanus Canal, ‘Newtown } 
Newark Bay, off Hoboken, ‘Bergen Point, and Elizabethport. The channels. 
of the East River a ind the Jersey Flats are relatively free. from, de- 


the depletion of dissolved oxygen due to sludge or 
than domestic sewage and assuming 0.22 Ib. per capita, the 
estimated the biological oxygen demand ae the harbor waters i 1920 a 


558 700 Ib. per day. 
To offset the effect of ‘this demand on of thie harbor there: is? 
oo the replenishment of oxygen due to that brought in by the tides and fresh: -water a 
treams, that absorbed from the | air, and a certain amount set free by aquatic a 
vegetation, In some streams the latter may be the controlling factor, and at 


times this is probably ‘true of J amaica Bay, where samples frequently show 


“be warranted in relying on so and temporary a a supply. Disregard- 


ing the production. of oxygen. by alge and other vegetation, and making cer- 
tain rather crude assumptions as to average saturations, salinity, temperature, — 7 

and stream flow, the oxygen, by i incoming tidal and upland | waters, was 
863 100 Ib. 


B OM i 


Where severa asic Gon 


ral 
where so many assumptions must be. incomplete supporting data, 


in any forecast 


in Sein he Ohio River such - 


‘several basi bets are in a state of such constant flux pay 
q 


— estimates of this ‘kind must be taken with reservation “and ‘considered merel y 
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conditions Is made forécasts maybe made 


confidence. ‘The reaeration of. is. probably at a 


rate t than that of fresh water although | diffusion i is as a rule more vapid. When 
by winds, eddies, « or vessels, rate of absorption is inereased by 
the less oxygenated water to the surface. Owing | to’ the lim- 
causes, the increased rate. is less, i in deep. than i 
‘These influences are. fully discussed. by W. M. Black, M. Am. Soe. 
and Earle B. Phelps, Affiliate, Amn. Soc. Q. E.,. in Chapter IL of their report 
_- the Chief, ‘Engineer of the Board of Estimate and Apportionment of New i 


York City. dated February 16, 1911, In this report the attempt is made 

nd an average rate of "absorption, for. the y waters of the harbor. after making 

due allowance for salinity, depth, temperature, ‘and ‘the mizing due 


—— 


water, in that the rate of absorption of oxygen. per million increases 
slightly with i increasing depth down to 30 ft. With the added action of boats 
this effect is not so noticeable, and in the final results the combined effect re- , 
sults in a very even rate of absorption so that special treatment of the 12-ft. 
_ depths need no longer be considered and for all practical purposes the average Be 
- rate of absorption in the Bay, and Lower Hudson may be taken m at 0.045, in its 
- the Fast. River at 0.050, and in the Upper Hudson at 0.019 Ib. per hour per a 
- milHon gallons of water in all depths less than 40 ft. The effect of aeration — 
in depths greater than 40 ft. may safely be disregarded. rel 


>... Dating March, and April, 1916, experiments were made by War- 
R. Borst, Assistant Engineer, under ‘Theodor S. ‘Oxholm, M. So 


Engineer in Charge, Bureau of Engineering, Borough ‘of Richmond, 


rption of atmospheric : yeen by dilutions of >in 


2 


= 


4 


shen: ‘quiescent; when slightly agitated by. two electric fans; and (c) 
the’ saline mixtures) | when mechanically agitated by of furring 
xtending across the tank forming waves about 4 in. high.” “Temperatures 


vere maintained at about 20° cent. by exhaust steam and simultaneous sam 


wna As a control, tightly stoppered bottles of the mixture were kept immersed — 


in the tank during agitation, by which the oxygen demand could be determined ~ 
and allowed for. The absorption was. then ‘computed by adding the oxygen 
demand to the increase of dissolved oxygen in the atop 
These: experiments were never eatried out to extent! that ~ 
rates of absorption could be confidently’ stated, but they warranted the accept 
ance of certain general conclusions. _ With , twenty dilutions of ‘sewage -with 


fresh water and a 4-in. ripple » the of oxygen after the fourth hour 
million per hour, whereas with a. like dilation. with: salt 


SSE 


devoid of oxygen. at start. and “wave oxygen. at the 
4 Report on Severe Baperimental, at West New Brighton, ‘Staten Island, 


Papers.) _ ALLEN ON STREAM POLLUTION 
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fresh and salt water.* 
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of 4 atoll: depths was 6.56 parte million— ‘increase of 1.64 


parte’ per million per hour. After 4 hours’ agitation and 20 hours’ rest, the 


dissolved « oxygen ‘had decreased to 4 .50. parts per million. In general, it was 
tid | 

found ‘that: “yegeration is decidedly rapid and ‘uniform throughout the 


at Experiments along similar lin es were made by Professor! Edward 


- ‘Ellery, o of Union College, and the results given in evidence before the Supreme 


Court in 1 the Pa Valley se sewer case.* "These comprised studies with ‘pol- 
luted and ‘unpolluted fresh and salt ‘water, both’ quiescent and in motion 


results reached by Professor Ellery may be ‘summarized 1 as follows: When 
iti is 40 to 60% saturated : with dissolved oxygen, , water of 60 to 10% as much 


ay ratte G “eratow a 

salinity as absorbs atmospheric oxygen at “about the same rate 

fresh water. ‘This ‘Tate varies : from between 0.18 cu. cm. and 0.306 cu. cm. 

2 VoL” spiti 

per liter per den in quiescent water to 0. 515 cu. cm. in water flowing. at the 


rate of 1 ft. per: sec. It diminishes as the humidity increases and i iadeeeecs 


with increased ‘pollution. Under conditions of low humidity a permissible 
_ dilution of sewage in water quiescent or moving ess than 1 ft. per sec. is 1 t 

100; while a dilution of 1 to 60 is not permissible, resulting in an aide 


Standard of Cleanness. —Suggested standards of cleanness for New York 5 


A ae have naturally laid stress on . the dissolved oxygen content. Maximum 
im values have varied from 10% saturation, proposed by Messrs. Black and Phelps” : 1 


ine order to avoid detriment to major fish life, to 25% proposed by the late 4 


‘a Rudolph Hering, 1 M. Am. Soe oc. O.. E., who stated: “I consider a standard of 
3 with. frequent sludge removal from the. harbor bottom a safe protection 


against any nuisance arising from the water.” Opinions of other authorities 
range between shee limits. In a w. of ‘the subject} the speaker gave 


“That to: ensure a of dissolved oxygen at all of 
or harbor a liberal margin is required in the main body of the water, which, 
in the case of New York, should not be less than from 30% to 50% saturation, 
depending u “upon n the intensity of local pollution due to sewage, the s¢ septicity — 
of the sewage, the temperature of the air and on the amount of the sludge F 

 » The essential matter is to | provide. that at no point shall the water be de 


prived of all its dissolved oxygen. Owing to the difficulty in expressing this 
in definite terms that might not be e misconstrued, the Metropolitan Sewerage ~ 


Commission finally omitted reference t y to any specific degree of £ saturation from 


its recommended standard which was a follows: ad hii 

“Prorosep Sranparp oF CLEANNESS 
“Garbage, offal, or solid matter recognizable. as of, origin 


not be visible in, any of the harbor WAR 


* Transcript of Record, October Term, 1916, No. 3, Original. The People of the State 
“a New York vs. the State of New Jersey, and the Passaic Valley Sewerage _Comi missioners, 
3, p. 2824, and Vol. V, p. 4603. 


Annual Report, Chief ‘Engine Board of and | Apportionment, New York, N. Y. 
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‘Papers. STREAM POLLUTION 


“Marked discoloration or turbidity, effervescence oily sleck, odor or 


‘such as may be permitted by authority haying joriediction 
“The discharge of sewnge ‘thal not “materially édntribute: ‘to the for- 
ation of deposits injurious to health or navigation. | 
a (4) “The quality of the water at points suitable for bathing and oys 
should conform substantially as to: bacterial purity to the. drinking 
water standard. It is not practicable to maintain so high a ‘standard in any 
of the harbor north of The Narrows, or in the Arthur, boa 


ONG further attem mpt t has been made to formulate ik 


Plane for ‘Remedy- —The — principles underlying any | reasonable plan 


age are set forth in Part II, Chapter I, of the Final Report o 
the Metropolitan. Commission, which proceeded to describe in some ‘detail a 


Ye | 
plan that it ‘recommend. Simil arly. Messrs. Black and. d Phel helps, in th 


‘report t to the Chief. Engineer. of the of ‘Estimate and | pportionment 


of . ew + York, reviousl _mentioned, | resented a general scheme for the 
{ v 


‘collection and. disposa al o! the sewage, while, in 1920, the writer a also. 


sented a report to the Chief Engineer 0 of | the B Board reviewing the entire om: og oR 


ik 
ject and submitted a tentative revision, of the ‘general plan.* , Based on these a 


earlier studies, and taking advantage of the More recent ‘developments 
methods of ‘treatment, the tentative ow proposed meet. 1960 


the. activated sludge process. promises. to. afford the most desirable form. of "ee 4 
treatment, and plants of considerable size are contemplated: (1). At: Wards 
+ Island, to handle 187 000 000 gal. per day of sewage; and (2) south of J amaica cA dorm 


to handle 2114 0000 000. gal. p per day. These, it is. believed, will control the serious 0 
pollution that, -would otherwise | occur in the. ante of the East 


— East River, Jamaica 
and the waters. sof | Coney: Island, will it necessary to remove a much 

larger quatitity of polluting material than can. be accomplished by screening, 
and. sedimentation plants will probably. be installed in the East; River at Old 
Point, Tallman’s Island, Rikers Island, Welfare Island,. near ‘Sheeps- 

head ‘Bay at the precipitation plant now known as Caisson No. 4, and on ‘Rook 


4 


|For. other localities it i is believed: ‘that fine ‘screening. will suflice. _ of these 


4 screening plants the most important now contemplated will be at West- 155th 
a ‘Street, Manhattan, to which about 92 000 000 gal. per day will be’ diverted 4 from ee 


areas now tributary to the Harlem ‘River and carried to a ‘submerged outlet Ne 


o 000 ft. or more from! shore.” Tf’ this ‘plan should be carried ‘out it would be 


equivalent to a reduction in popula jon on the tributary drainage a aren roughly “a 
timated at’1180 000 in 1960, or 88% of the resident population, as follows: — 


Where; a high degree. of f stability a as s well as s freedom from solids is 


— 

a 
4 

q 
= 

pee 

=. 
7 

q 
| q — 
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Assuming 
(9 833% by sedimentation, and 85% by the activated sludge process, the results 


5%. 1992 000 persons by 100080 
¥ 


ot of 000 persons sedimentation — » 181000, 
85% of 1052 000 persons by activated sludge. .... 999000 4 


quivalent’’ to a reduction ‘in’ population 1180000 


; The Stated another way, ' the result would be the same as ‘if the population + were 
decreased from 3 586 000 to 2 406 | 000... estimated cost, of carrying out 1 this 
project, including interception, i is vig! 000, B41. for th the elimination 
the pollution resulting from each 0 nigario 


es _ Most ‘of these projects have never advanced to the point, of authorization or 
en of general discussion and acce acceptance. — . 16; is probable that tl they will, in 


measure, be adopt ed ‘and the ‘works built piecemeal as demanded, but 
modifie d as to detail to meet the ‘situation, It is hardly open to argument 


(a) ‘that to protect the waters of the Lower East River and. J amaica Bay, 


either a large volume of the Sewage must be | entirely removed | or else some 
ot 


method of treatment equivalent to ‘the activated. sludge p process must be used; 
«ad (b) that, , for the’ further protection of the large volumes of sewage that 


ill eventually t reach. the ‘East River, other large volumes will have to undergo 


some more complete treatment than fine screening, bu t for the majority of the 


smaller installations this will be all that can be reasonably required. ‘Ctoritia- 


wt 
desirable ‘where bathing beaches or shellfish are to be protected, but 


otherwise would appear to be an unwarranted expense. ta bate 


| Progress already made in carrying out this program ‘includes the following © 


On the Hudson River, a fine-screening plant with two 14 -ft. Rienseh- 


crt owt 


outlet has been’ installed at Dyckman 


eran . isn -screening plant with three 6 by 55-ft. Rex screens and chlorination — 


eect installed at Oanal Street, Manhattan, ‘for the Clarkson Street sewage — 
ecught to the plant by a 54-in. intercepting sewer. to 


On the Upper. Fast River, a fine screening plant with two 14-ft. Riensch- 


Waurl: écreens, chlorination, and a 86-i “in. . submerged outlet, 8 280 ft. long, has 
een installed | at 25th Street, near North Beach, | Queens. veel 


by. 4- ft. ‘face, with chlorination and a a a submerged outlet was 


ans 1923, This is operated in the summer for the protection of bathers at South 


. fine- screening plant; with two Link-Belt screens, chlorination, and a sub- 


mM merged outlet to protect a bathing beach near - Great Kills i is under construction. 
On. the shores of Jamaica | Bay at t the old 26th Ward Plant, Brooklyn, two 
“4 ft. Riensch- Warl screens which have been in operation ‘for several years” 


a and two new 26-ft. screens of the same type have been installed in the building 


at heretofore housed the tanks of a plant. 
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In Queens, a plant comprising two 26- ft. Riensch- Wurl screens is 


- structed. south of Jamaica to serve the Fourth Ward of that Borough (north © 


of Jamaica 1 Bay) and one with two 22- ft. Riensch-Wurl screens at Hammel to 


serve the Fif Ward (The Rockaways The former. constitutes the first 
| installation an activated sludge plant to treat 120 000 000 ‘gal. per day 0 


sewage: from the entire Fourth Ward of Queens. ptical’ of Mri 
These fine- screening plants (not to mention several temporary hand- 


= screens in 1 Queens) robably handle about 85 000 000 gal. per day of 


| sewage—a ‘small quantity, ‘considering ‘the outlay—but : at most t of the plants the 


- increase in volume will be rapid. Inthe greater part of the. city the main lines : 
of development are fairly well 1 determined. The two major remaining problems 


are those relating to ihe sewage to. ‘Wards sland, and. that of South 


a release of 50 acres through legislative . This will 
- the way for initiating the work of interception weit 
pone ee entire subject of handling the sewage of Brooklyn and Queens tributary 
_ to Jamaica Bay was treated in a report submitted by. the writer to the Chief 
Engineer* in 1917. At time a plan originating with the “Metropolitan: 
Sewerage Commission was recommended, conveying all the sewage tributary 
_ to the Bay from the north to a treatment plant on Barren Island. Since then 
= - developments at Barren Island and | Rockaway Point to the south and a greater r ae 
confidence i in the reliability and inoffensive chatacter of the activated sludge 
process have resulted in a modification of the original plant,+ whereby the 
e i sewage of. the Fourth Ward, Queens, will be treated locally by this process and ee 
sewage of Brooklyn— -at least from ‘Coney nd to Canarsie—will be 
brought to an old. existing precipitation plant. near Sheeps head Bay, known as 
Caisson No. 4, for some suitable 1 method of treatment, _ The s sewage. tributary a 
a ‘the 26th Ward Plant may later be treated by activated sludge o or, more probably, 5 


To provide a a ‘central authority, t to. ordinate. Anterborough problems of 
ewage © disposal the ‘control of. harbor pollution a Committee on Main 


rainage been appointed, | of. the President. of each of the five 
Boroughs of New York and the Chief Engineer of the Board of Estimate and 
pportionment, Arthur. Tuttle, M. Am. Soc. In a broad sense, these 


— ae are of general ¢ concern, affecting the welfare of. the ¢ city as a whole, 
‘and by the agency of this. Committee the interests of the different Boroughs not 


- only may ‘be presented, but their importance, to the entire subject of the city’ 3 


‘sanitation may be correlated and unified. mooted Itt 


toh“ “The Main Drainage and Sewage Disposal of the Area Tributary to Jamaica Bay.’ 


hte 
Ae + The plan as proposed in 1917 for the Fifth Ward, comprising Far Rockaway and the 
Reeckaway Peninsula, has since been adopted and is now under construction with a temporary — 3 
plant and outlet at B..87th Street, Hammel. bas 
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TION OF DEI PTH 1 TO CURVATURE OF C 


ot Ievevea soit ob tog) 


‘Water, t Aw Soo. (by letter).4 $—It would seem that’ the 


has developed his formulas needlessly long BOER 


tions (4)§ and (5)§ may’be written in general terms: 


m It follows from Equation (8) that as the curvature, Rr to. which — is 


proportional, for a given value of z 


increased” curvatute makes depth. According 


Equation (8) ‘there is no Timit to this,” at éonelusion which is at variance with 
the first result given by the author. Tor? .of Of 


Examination ‘of ‘the cross- -sections plotte in't the paper shows 1 that in the | 
. great majority of the curved’ chanriéls'the actual erosion on the outer bank and» 


accretion ‘on the inner are more than is indicated by "the profile plotted from: 
author’ s formiilas. 0 On the other hand there is a ‘very close 


pore 


indeed between the calculated and actual maximum depths and their pdsitions — 


to the center line of the cross- section. to ein 


tee, 


‘These ‘considerations lead: to the suggestion ‘that it might | be “possible to 


“amend the formulas by the: introduction of ‘additional terms which would make 


a still closer ¢ approximation between the calculated curve and the actual profile, 


but-which h would 1 not t have e appreciable effect on't the calculated maximum 


° This whe paper by H.C. Ripley;°-M. Am. Soc. C; E., published in Decem- 
ber, 1925, Proceedings, and presented at the:meeting of February 3, 1926), is printed"in Pro- 
ceedings in order that the views oe ey may be brought before all members for further 


t Received by the Secretary, J anuary 21, 

Am. C. 1925, Papel and Discussions, P. ‘2008, 
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the Teasoning. has. led him to the particular ¢ expressions given. 


Itisa “ttle ai dificult herefore, to estimate the possibilities ‘of getting a closer sii Se 3 


Dr ‘Hoserr by letter). practical value Mr. Ripley’ 


of “outer bar The of the mouth of the Rio Grande 
— do Sul and the Southwest Pass of the Mississippi with the aid of these 

das. have shown the superiority of a single: curved jetty, not only over t 

fe straight parallel jetties, br but also. over two parallel veurved jetties. This is new 
The writer is fully im a accord with the author that. his formulas “of 
the greatest value i in the regularization of rivers ‘and i in ‘the i improvement of pe 


ou uter r bar channels”. ‘Hp cannot tvagree with him, however, that any attempt to 


racticable to ‘secure permanent ‘in the navigable channel” by 


redging, nor that it would be much -more logical convert the straight 
“reaches into. channels of suitable curvature by means of training walls and ee 
le t Nature do the rest”. + Certainly, dredging alone i is no. method of regulation, — 
as it attacks only ‘the result without removing ‘the cause. _ Nevertheless, one 
- should not leave the intended deepening ¢ of the channel by works to the influ- 
ence of the works alone, but should bring pbaeter as far ai as possible by dredg- ae 
= ‘if the wor 8 (as, for i instance, “training wall a”) are properly p placed, “Meir 
influence consists in the maintenance of the dredged channel. no bog 


ms If, in accordance with the author’ ‘8 proposal, a straight channel in estuaries a ae 
_ were transformed into a curved one, the force of the tide wave would be les- 


a of its energy wasted, and the quantity of water | flowing in 


_ out decreased, so that the scouring force of the stream would be weakened. 
Therefore, the retention of straight channels in ‘estuaries is unobjectionable i if 


to channels are so bordered by “training. walls” that ‘the scouring force 0 


river remains sufficient great. _Above the region i it is generally 
able. to give the river § such bends. that the, current is in a state of inertia. 
Aside” from this objection, however, the paper is to ‘be, yeleomed with grati-- 
- tude as a valuable. advance i in the still dark field. of iver hydraulics, In addi- 
tion to M. Fargue and the late Mr. Mitchell, referred to by the at author, 


Boussinesqt has also “the of depth | to curvature”. 


“ores Prof. Emeritus of Hydraulics, ‘Technische Hochschule, Dresden, Germany. 

q t “Essai sur la théorie des eaux courantes”, ‘Paris, Mémoires présentés par divers 
 savants a l’Académie des Sciences, de l'Institut de France, Tome 23, 1877; 24 
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‘NOTES ON ‘SHEAR IN COMPRESSION N MEMBERS 


A. P. Soc. 0. E. (by letter) he difficulty i in 
“i ing! beam theory ‘to the column i is that such a theory, om a playful pup, chases 
tail in a circle without practical ‘progress. Thus, the fiber “stress ¢ caused 
ia a _ by bending varies as the bending moment; ; the deflection varies as the fiber 
_ stress due to bending; but for the same load, the bending moment varies as 
the deflection. Hence, the magnitudes of. the fiber stress, deflection, and bend- 
ing moment are theoretically unstable under the applied beam theory a nd 


the assumption that the bending is. parabolic does not help i in stabilizing sin Ge 


whieh the: author's 8 calculations | depend. pititel 


of the stressed area at’ mid- length; to the ratio of the mean compressive 
atress, u, to the maximun, f. equals unity the eccentricity, 


is zero and the deflection also is zero. jon 


vd Pldiszog sp es jued guind bluodg oaols plage adt gogo. 

When at mid- length eq uals 2 the area of “fiber stress distribution is tri- 


angular and entirely compressive, ‘that j is, zero, on the convex side and increas- a 


‘uniformly to a maximum ‘on the concave side. ‘Relative deflections for a a 
given ratio of may be plotted to_ illustrate. typical column action, rating, as. 


uch a curve of relative deflections Lites that the solid column of uniform 
‘material obeys Hooke’s law i in its elastic lateral deflections, since these deflee- 
tions are proportional to the product of two factors, namely, (1) the | ea andl 


tricity, e, at mid-length of the total stressed area (the lever arm); and (2) 
magnitude of the triangular (the force). alc 


Dg The lateral deflection of the column is a continuous function. The fact a 


that ‘the deflection is almost negligible at the critical load (ander which the 


ges from total compression to part tension) and -_teduce s to 
but. a minute of this almost ‘hegligible a amount under working Toads, 


oa This discussion (of the paper by Ralph BE. Goodwin, Assoc. M. Am. Soc. C. E., publishes 

in December, 1925, Proceedings, but not presented at any meeting of the Society), is printed — 

Be, ia Proceedings in order that the views expressed may be brought before all members for 


Cons. Engr., Minneapolis, 


Received by the Secretary, December 11, 1925. 
“Elasticity and Strength of Material “Turner, Section Iv, 
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absolutely instead of being approximately zero’ under ordinary 

: y In test specimens, except those i in which the slenderness ratio, = 

- no tension parallel to the axis will exist in any of the fibers until the column 

ss uns. be: said to have failed. ‘The common conception of the bending of a col- 
umn is erroneous, being on the impression obtained from the curve 

of flexure used in deriving the formula which indicates a ‘considerably ‘bent 
member, with a> tension and compression zone representing the conditions Pal 

after the maximum load has passed and the deflection has greatly in- q 


ea creased under reduced load in the follow-up action of the testing machine, he's = 


a thus ¢ giving a false i impression of the true action. er 
Because the safe unit stress decreases as the slenderness ratio increases 
various unsymmetrical rolled sections, such as angles, T’s, or double a 

are used in. roof trusses and H-sections, Z-bar columns, plate and ehienitiel’ 
etc., for larger sections in building and bridge work. If one of these 
_ hollow unsymmetrical sections be divided in longitudinal strips, each presents Bs: rs uM 
slenderness ratio of a far order than that of the section a8 a whole 
presented by the configuration of the scetion, requiring inves 
- tigation of different typical forms to determine how the formulas for the solid — 
section should be modified for application in design. 4 

_ A strip at the extremity of an angle, T, or Z- -section, is relatively ome 
in rigidity. laterally and will tend ‘to buckle out of line normal to the diree- sa 

‘tion in which ‘the strut tends ‘to: bend under axial compression. Such 
buckling t tendency gives rise to the twisting action presented by the Z-column 
and other sections when ‘tested to ‘destruction. , The extent of this torsional | 
sho uld be investigated in ‘addition ¢ to the vending: action the 


“Dwisting of the column about its ania ‘asides’ laxiabo 
in a solid shaft, such as. a round or a ‘square column, because the resultin 
deformation inereases the length of the shaft, which, ‘under a force 
to. ‘shorten’ it, is contrary to Hooke’s law. The dedhve of the solid co 
therefore, is one of pure crushing and bending; and the same reasoning soot 
to the hollow cylinder. tf In the unsymmetrical section or hollow section othe 
than a ¢ cylinder the ‘phenomenon of twist occurs, and for a given twisting 
(in this case the lateral buckling tendency of the strips) the angle of distortion 
_ increases vas the free length of the shaft twisted. For a column with round 
ends the’ full length of the shaft’ thay cotitribute to this defo mation, at if 
ends be pin-connected or clamped they are fixed against torsional rotation 
| i. at: the ¢ ends and the free length for the summation of the twist is diminished 5) 
the length of the column. ‘lind ult 
Christie’s tests* show the strength of an angle-iron strut with 


4 edt ot ofdaggqnios tod -botaniaal 
—and-socket .ends having a, slenderness greater than 1: 140 _ to be four-. 


bd “Plasticity and Strength of Materials”, Table, Section IV, 27, and “Mechanic 
‘of M terial,” Merriman 1916 ‘Bditten, Dp. 198 
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sevenths as great as one with pin, ends; but ‘the Pipe: column has identically 7 


=, &@ pipe. of ‘the. same area and the same material is dines 


ge stronger than a corresponding pin-ended, and. with ball and- 


theory the three kinds of struts have ‘the same theoretical strength, although | 
‘they differ 15. to 100% in actual strengt paok: out, 

Nes o wonder that German engineers, after adopting sections for. their bridge 

a which would readily twist, strove to find a new theor ry of action 


of the main that would account for ‘the accordingly 


Onl y the minimum radius of ‘gyration. of a ‘is considered in tl the 
0 ordinary column formula, yet the maximum radius of gyration has a marked 
et effect as regards the manner in which the section fails under compression. — 
‘The Z- bar column having the same radius of gyration in both directions, — 
if it is of minimum section, ‘twists like a corkscrew before failure. -On’ the 
other ] hand, the same 2-section, if the Z’s_ are spread so that one radius | 
of gyration is much greater. than the. other, will fail as they did i in Strobel’s — 
tests,t by pure bending and crushing, = ote gait aot 
large columns the symmetrical section will develop far higher Tesist- 


than those commonly used in American bridge design. The column sec- 


_ tions in the Forth Bridge payeens, a satisfactory distribution of metal, but the 


ada 


a stave column, : octagonal i in ie with covers inside | ‘and outside of the ; apices, 


using cast-steel rings at intervals to ‘main ape of the 
+ 3 section. Such a section is more sendily-ighiet than those in ordinary use. 
lends. itself readily to the connection of riveted web members ‘and lateral 
struts, and can be made accessible for painting and inspection inside as well — 
! ‘tre The collapse at Quebec was the last step in the practice of saving weight 
ie pin-plates by concentrating the metal in the cross-section of the web. The | 
chord sections. differed. little from those of the Blackwell Island Bridge and 
_~ sf other bridges except in the's ‘seemingly conservative increase in the slender- } 
“ness ratios, but this increase gave greater opportunity for twisting and buckling» 
_ of the built channels, which were sadly lacking i in stiffness in comparison with — 
the rolled sections ust usual i in : the laced channel « compression bridge member. 1} The i 


lamina rated webs were were not comparable to the solid web of the rolled chanpel 


= See, plot, Watertown Tests, Salmon columns, p. 219, 0 nh 
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_ while the flanges, the function of. which is stiffening the web against buckling, a 
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were negligible area emall width. et “The need ‘of correspondingly substan- 


bracing and connections. of the bracing assumed to b 


la 


ere? 
 Thus,. a forceful object lesson in’ the need of applying the principles of | pro- 


portion from models of known strength and resistance is brought home by 

*M. < Soo. C. E. (by letter).t—The author has done 


service not only applying mechanical principles to the determination 0 
- shear stresses in compression members, but also in emphasizing the necessity ; 
for calculating such stresses in many cases that occur in practice. This neces- 


sity is overlooked frequently; in many sound textbooks on _ the ‘mechanics of 
structures no treatment of the problem i is attempted. or even mentioned. 


. s The basis. of the | treatment ; developed i in the paper is not new. The writer 


s has found it in ‘textbooks with the modification that the deflection 1 curve of the 


a compression has taken asa sinneoia instead of a parabola. There 


entered he. af -the 


calculations based o on the assumption of + an equivalent uniformly distributed ua : 


"lateral load. ‘There seems to be no connection between the internal forces set 
up in a compression member and in the presumed equivalent beam except that 


the two have the same maximum direct fiber stress. Surely it is making a very 
assumption indeed, to consider that because of these ‘equalities the 

- maximum shear | is the same in both cases. It is time that such a basis of i 


calculation should be abandoned especially a as the rational method is 80 easy of ae } 


8 


4 


SHE, 


There is is some analogy | between t the and the kindred one of 


betw 
‘determining the web stresses ofa plate girder. Various standard 


7 sive different empirical 1 ways of calculating the shear ‘whieh is 3 to be taken as 


- - thus calculated is not a maximum stress and there is | no reason why the actual ~ 
_ maximum shear stress in a girder should not reach 2 an unsafe value although — 


a the calculation should fulfill the specification ; it is only a question of distribu- 


tion of material. It is easy to calculate the actual. shear stress at various 
critical points 0 of the cross-section by rational methods and by the application of eee 
principles that tare explained at an early stage in the teaching of ‘structural 
‘There is little justification, therefore, for the ‘use of 


semi- empirical ‘methods in this case, and t he same applies 


‘The author’ illustrative calculation i is possibly th most useful feature of 
the paper, as it draws attention in a very definite way to the risks inherent - in 


the use of the equivalent beam method of calculation and cuts away the suppor 
often given to that method illustrative in in which the shear 


= 


Received by the Secretary, 14, “4926. 
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it ‘is to ereater 


-ealeulation. 


dangerous. ‘extent. hopes, therefore, that. ‘this paper 
- attention. to the defects of 1 the equivalent beam. method of estimating shear 

stress in compression members and cause exact to be substituted 
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which will amplify the records as here or correct any errors, be to 


bag ‘Edmund Hamilton Bowser was born at. Louisville, Pca on J anuary 13, 
1856, His father was: ohn Ww. Bowser, formerly of Baltimore, ‘Ma, his 


mother before her ‘marriage was Anna Culver, of New Orleans, La. “She was 


gifted asa poetess and wrote a prize- winning poem for the Nazhville 7, aa a 
te ‘Mr. Bowser received his engineering” education at Vanderbilt University, 
i 


‘Nashville, « Tenn., which he attended from 1878 to 1882. At the time of his 


‘graduation he ‘was awarded a scholarship | for the highest standing ‘i ‘in the engi- 
“neering class, a year after ‘graduation he at ‘the iversity 


In 1888 he entered the service of the Cincinnati ‘Southern ‘Railway Com- 
pany as Assistant Engineer, and continued in this position for two eam, 


For three years thereafter he» was in Florida, engaged i in general engineering 
work. On April, 15, 1888, he entered the service of the ‘Newport News and 


Mississippi Valley Railroad Company as Assistant Engineer. railroad 
later became the Chesapeake, Ohio, . and Southwestern, and is now. a part of 


‘the Hlinois Central System. While with the Chesapeake, Ohio, and South- 
western Railroad Company he was stationed at Louisville, Ky. i with the title _ a 


of First Assistant Engineer, | and was in charge of the work in. the Bridge, : 


a Fi In 1898, a year. after the Chesapeake, Ohio, and Southwestern Railroad 
was incorporated with the Illinois Central System, Mr. Bowser was made Road- 
“master, with headquarters at_ Memphis, Tenn. He resigned this position 


July, 1899, to become Assistant Engineer with the Louisville and Nashville 
Railroad Company, with headquarters at Pensacola, Fla. While in this posi- By 
tion he had charge. of several large dock projects. In October, 1903, he, left 
the employ ‘of the Louisville and. Nashyille Railroad d Company to become ( Gen- 
Manager of the Southern Creosoting Company, at Slidell, La, 
On August 1, 1907, Mr. Bowser re-entered the employ of the Illinois Cen- 


“a 1 Railroad Company a as. Chief ‘Timber Inspector and « on. LJ anuary 1, 1912, 
‘was promoted to the position of Superintendent of the ‘Timber 


‘position he held until his death. ey 


Ree He was an active ‘member of ‘the y en Ra ilway Engineering Associa 


12, 
the American: Wood Preservers’ Association. had ‘served as a 


member 0 ‘the. ‘Committee on Wood Preservation of the ‘American Railway 

Engineering Association, for | about fifteen years, having been Vice- Chairman 


in 1912, 1913, _and 1 1914. In the last report, of this Committee, Mr. Bowser 


contributed a paper ent titled “The Effect of Preservatives on the Inflammability 


* Memoir prepared by A. Pa Denney, M. Am. Soc. Cc. 


Bulletin 270, Am. Ry. Eng. Assoc.,- “October, 


= 


IRS OF DECEASED MEMBERS 
— i 
draw q 
— 
shear 
tuted 
~ 
has — 
7 
| 
a 
| 
: 
a i: 
ae 
or 
| 
Hive * 
ce? 
— 


= 


ood.” 
paper on the subject wide ‘attention, . 
mad ‘a el effi 

he made a lose tudy of wood preservation, and it is 1e his « 

a member | of its first Board of Directors, and during 1922, served as —. 

Under his guidance the Club was yas inspired with a new enthusiasm and grew 

an address which i is notable i in ‘the Club’s history. It was immediately ordered — ¢ 


cient work that the present high of wood 
a My Bowser was a Charter Member of the Engineers Club of Memphis, 

in membership and influence. _ At the close of his administration he é delivered — 
published for distribution, and has the distinction of being | the “only: paper — 


4 iat the Club has put into print . The following quotation ‘from this address 


has, since its utterance, appeared on every Bulletin of the Club: ‘Cer 


true Engineer is one who sees visions, “and foll owing his visions 


beyond the beaten path of common practice, does something that has not been 


done before, or does it in a better way. bobtswa of 


From his boyhood Mr. Bowser had of the Unitarian 
Church. _ For five years he was President of the Board of ‘Trustees of the a 


of the ‘Memphis Church, and was Chairman of the Building - Committee for 


e new ¢ ing erec 
was married to Alice Fairfax Smith, daughter of Ji ames Power 
Smith and Julia Robert Smith, of Chattanooga, | Tenn.; on une 20, 1889. 
is survived by his wife, three ‘nephews, ‘Allen of Chicago, I 
"and bees wa and David Bowser, of Anchorage, Ky., and two nieces, Miss ‘Ethel 
“Owen, of Washington, D. C,, : and Mrs. Helen Lee, of Calif. 
Mr. Bowser was drowned with the sinking of the Steamer Norma min the 
Mississippi River, near Memphis, Tenn., on May 8, 1925. He had with him a 


great- nephew, a boy ten years” old. A small power boat came to ‘the aid « 
the Norman’s - passengers, and Mr. Bowser ‘swam to the side « of this boat and i 


re - placed the boy i in it it, but refused to to get i im himself ‘until the women and weaker 


n seen 


as Mr. Bowser ‘was elected a Member of the » American Soci ety of Civil ‘Thgi 
eers on June 1, 1904. js 0G ont lo tegen 
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George Thomas Forsyth, the son of Elizabeth and 3 J 


in Providence, R R. OD J anuary 19, 1876. In n his early childhood his 


parents moved to Salinas, Calif. where his boyhood : was spent ‘and where he 
received his ‘pu ic school education. bro rer 


be In he entered Lel and Stan nfo rd, ‘Tr University. _ There he 
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with! the Union Iroti Works at San’ Frétidisoo, ‘Calif he wa 4 
_ engaged until December, 1900, in ship-fitting and the erection of marine 

InJ anuary, 1901, Mr F orsyth entered the service of the Pacific 

at San F ranciseo, Draftsm man.in the office of the Eng ineer of 
Bridges, This was on. the eve of the great physical development which was 

to take place in that railroad and i in. other lines then being associated with “ae ee 


the late E. H. Harriman, In 1903, Mr. Forsyth 


structural ‘and. mechanical . design. He remained 
in this ‘position until 1905, , during: which Period he took an import ant part in Ke a 
't e preparation ‘of ‘the: ‘common “standard plans of the, Harriman System. 


These plans touched almost every physical “detail of railroad construction and 


_ maintenance, and their value i is. ‘evidenced by the fact that ; most, of them are — 


still in use on the Union Pacific and Southern Pacific ‘Systems, . Perhaps his } 
most effective efforts ‘were directed to ‘the ‘standard bridge designs, in which 


showed ingenuity ‘and ‘clearness of ‘thought that. seemed. sometimes to 


8. rey 

In 1905, Mr. “Forsyth was appointed Bridge of the’ 
Lines of the Southern 

‘Pacific of extensions and improvements which 

had just begun, and during the next eight years, he was continuously occupied Es 

with the design and construction of ‘many bridges, but he also found time to ah 

devote himself “to. ‘power -plant and ‘wood “preservation problems. His m most 

important work in this. period was in connection with a large double-deck a ws = 


bridge over the Willamette River, at Portland, Ore, which was constructed ES: 


under his supervision, and to the design of which he contributed largely. Baw. 
In 1913, Mr. Forsyth decided that better opportunities existed outside of 


"railroad service, and with the regret and good wishes of his associates he joined 
the Company of Kansas City, Mo. and later the contracting 
fi firm of Diecks and Diecks, In these engagements he successfully carried to | 
_ completion a number pneumatic « caisson and subaqueous tunnel projects. Si 
i In 1920, Mr. Forsyth, returned to Portland, Ore., where’ ‘en 
= office and engaged in independent practice. Early in 1924, he was called to 
Aa take charge of a tunnel beneath the Duwamish River at Seattle, Wash., in 
construction of which difficulties had developed that appeared to 
insurmountable: Under his direction, this ‘project, which had seemed 
@ failure, was carried to swift 4 and successful. ‘completion. This was his 
dh _Mr. F orsyth 1 was a brilliant mathematician and a leader in bridge — 
he and, construction. nt] Loyal, and steadfast, he was @ man of. indepen: 
and of original and whimsical humor. His ‘Passing leaves. a gap which his 
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Forth was elected. a a Me the ‘American, of Civil 
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CHARLES STEWART MAURICE, M. ‘Soe. 


Stewart Maurice was born’ at’ Perth Amboy, J., on J 29, 
1840, the son of Charles Frazier and Joline Maurice. On his father’s 


side, ° the family was of Welsh and Scotch- Trish ‘descent, and ¢ on ‘his mother’s, 


age a com combination of Huguenot renc and Sten Dutch, the latter having been 
among the earliest settlers of New ‘Amsterdam ih 


_ 1842, Charles Frazier ‘Maurice, at th ‘solicitation of a a | 
ber of friends, “opened 2 a small private school at Napanock, N. Several 


the growing | ‘school needing enlargement was moved to Sing Sing 
‘RISD 
“ow Ossining), N. ¥., and was merged with the old Mount Pleasant “Mili- 
tary y Academy, which became one of the best known private schools of its time. 
4 


was here that ‘the son re received his early education. 1858, he 
Williams College at Williamstown, Mass. asa Sophomore, and was graduated 


‘ 4 in 1861, the Salutatorian of his Class, and a member ‘of the honorary society, 


ib In order to. serve his: country in the Civil War which by | this, time had 


come to be considered as more than a “0- day affair ” Mr. Maurion decided t to 


» 


enter: the Navy. In order: to render effective service, however, he desired 


prepare himself for | ‘Commission on the Engineer Staff, and began the 
study. of ngineering, ‘Rensselaer Institute, 


Sophomore Junior years in one year. On November - 17, 1962, 
as commissioned Third Assistant Engineer (Midshipman), U.S. Navy, and 
reported for duty at the Washington ‘Yard, where he was ‘assigned to the Os- 
sipee, which later "joined the North Atlantic Squadron, doing duty on the block- 
ade of the Southern States on the Atlantic seaboard. 
_ Never having had robust health, the restricted ration ‘available i in those days 
rought | on severe and prolonged attacks of indigestion, and in the summer > 
of 1863, Mr.’ Maurice was ordered home on ‘sick’ leave. He never completely. 
ecovered from: the effects of this illness, and was subject ‘to “indigestion, 
more or less ‘severe, for the remainder of his life. vd On rejoining the Navy in 
Fr web en of that year, he was ordered to the Portsmouth’ Navy Yard, ‘and 
assigned to the fitting out of the Agawan, one of the *90- day” gu gunboats, built 
her entire. completion the. ». Agawam was ordered to sea in’ chase of a \Confed- 4 
erate privateer known’ to be off the New England coast, ‘and very nearly 
= lost in a gale off Cape Sable, Nova Scotia. After her refitting, she joined the 
North Atlantic Squadron i in the spring’ of 1864, Mr. Maurice ; going with her as 


ie Assistant Engineer, having been promoted to that’ rank ‘on March 93, 


sd The spring an 


Ja ames River, where a small fleet of runbonts keeping. open 
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nication with Generel Grar mts 


and ‘Malvern’ Mill. He was then transferred to the 


"het uty 


West: Gulf Squadron, doing blockade duty. while Admiral, Farragut ibe 
fighting i in Mobile Bay, the not taking in the fight, as she 


was later flagship, Malvern, of thé-North Atlan 
tic Squadron, but had returned.to the Colorado when; she took part in the sec- 
ond attack on, and the capture of; Fort Fisher, on January 15, 1865. Hes 
mained i in the Navy until December 21; 1865, on which date he ‘resigned and 
was honorably discharged after declining the appointment as ‘Assistant Pro-- 
fathite of Mathematics at the United States Naval Academy at Annapolis, Md. 

. The problems of rapid transit. in New York, N. Y., were even then de- 9 
solution the railway termini—both the New ‘York ¢ Central aid 
"Hudson: River Railroad on West 30th. Street, and the Harlem and i 
- Haven Railroads on Park Avenue, between 26th'and 27th ‘Streets, were 
4 from the business center on Lower Several lines of river 
steamers designed. to run a “commiter’s service” “were planned to operate on 


_ both the East River and the Hudson River, and Mt: Maurice was employed — rs 


Engineer by the Lower Hudson Steamboat Company. He 


during 


_ the winter of 1865-66 that Mr. Maurie found time to work for about two 


months i in a foundry and machiizie shop at Peekskill, thus acquiring shop expe- 

q _ During the fall of 1866, he ‘became in interested,’ with his boyhood friend, 


a Underhill, in 1 the tanning business, and shih ‘Spent | the winter of 1 1866- 


they built. their tannery from the ‘plans. of, and under the. supervision 


Maurice, at Athens, Pa., this section o of Bradford County. then being in 
g the center of large forests of f original growth of hemlock, th the bark of which was : 
necessary y for thei operations. In the autunin of 1869, he disposed ‘of his 
d returned. to the family. home at Briarcliff, N.Y. 
During. the next few years t the little village of Athens, situated on the 
of “the North Branch ‘of the. “Susquehanna. and the Chemung Rivers, 
of. being at the junction of the, Pennsylvania ‘and | 
a systems ‘of canals | (now abandoned i in that g ection), it in the close vicinity of a 


“the junction of. four railroads. rai transition water to rail trans 
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North Branch. This change appealed 80: derongly basinéss sagacity 
“the » late Mr. N. 0 . Harris, a leading merchant and banker of this section, that : 
he introduced Mr. Maurice to the late Charles Kellogg, M. Am. Soc. 0. E., who 

had patent on combination wooden and iron bridges and having already 
"started works at Athens for their fabrication, | was desirous of extending them. + 

cee Mr. Maurice secured a a ‘contract from: the‘old Oswego Midland Railroad cover 
ing timber bridges in which more than 1.000 000 ft. of timber was used, 
oe afterward, in. 1871, the partnership of Kellogg and Maurice was fornied. An 

¥ - office was maintained i in New York, of which Mr. Maurice : was in charge until . 

1874, when he moved to Athens with his: family, and there he continued to 


bie The firm of Kellogg and 1] Maurice was one of the pioneers in the ‘building 
of iron n bridges, and. the second 1 to build ‘those of steel. Its first bridge of any 


‘a man of n the valley of th 


span which was erected without falseworks, an feat ‘at that 
_ time, and one which was the subject of a paper* presented to the Society by 
Maurice on December! » 1878. Among other early works: of this: firm q 


Plattsmouth, Nebr. Later, came the. Thames River Bridge, at New 


E., for the Delaw 
= Past- -President, Am. Soc. formerly of Clark, » Reeves and 
pany ; the late Edmund Hayes, M. An. . Soe. C. E. .y and George S. Field, MM. Am. 
C. E., of the Central Bridge Company; the late Charles Kellogg, M. hin. 
oe Soc. C. E., and Mr. Maurice. Shops were maintained at Buffalo, N. Y., as well — 
at Athens, Pa., and’ the Company became internationally famous for ‘the 
a number and importance e of the bridges it built i in all ‘parts of the world, ‘anid 


for the excéllence and integrity of its work. od ody 4 


Pin-conneeted bridges were the standard in those With ‘the 
duction of steel, special | methods and plant became necessary and ‘all ‘these 7 


a 


ce pequirertienits were mét by the partners with either original designs or improve- } 
me .? we ments on tools already in usp. As an instance, for the famous Hawkes- 

burs er Bridge, ‘in New ‘South ‘Wal es, the Bessemer r steel for. the 

os came from England ‘and. ‘was manufactured | into bars at Athens; before | 
th hey were accepted, however, these. bars had to. be annealed ; in n special furnaces 

for the purpose; and full-sized tests. were made ‘in the 600- ton 


testing machine _also built at Athens for this purpose. The. sinking of th e 


Account of the Erection, of,.a Draw-Bridge, False Works”, Transactions, 
. C. E., Vol. XI (1873), p. 830. Mar 
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probably the rdou ction 

the: spans were floated into position on AND. 
oe. Other noteworthy bridges | built by the Company were the enn 

Bridge « over the Hudson River, the Cantilever Bridge over the Niagara River, 


the Cairo Bridge over the Ohio River, the ‘Memphis Bridge « over the Mississippi M 


d River ‘and many other r bridges | over the Mississippi, Ohio, ‘and Missouri Rivers. 

: In 1895, Mr. Maurice | was obliged to retire from business on “account 6 
health, spent the 1896 in Europe. ‘He continued to 
in At taking. daily drives over the hills of ‘which. he 80. fond and 


spending the winters at J J ekyl Island, Georgia. soi 
On. April 28, 1869, at S t, George's. Church, New Y, Yo ork, he was united in 
“marriage to Charlotte Marshall, daughter of Jo ohn G.,. and Marian “Marshall 
— both. of whom were descended from th the oldest Pilgrim and Puri- 
tan. stock of, New England. ) Of this union nine children were -born Archi- 
bald: “Marian B, and Margaret. residing at! Athens, Pa. George H. 
Eagle Springs, N. Charles F.;-of Glen Ridge, N. J.; Cornelia (Mrs. 
Robert Wilkinson), of Poughkeepsie, Y.; Albert of ‘Rye, N. Emily 
M. (Mrs. W. Dall), of Cedarhurst, N. and Charlotte, who died 4 in 
q faney. Mrs. Maurice, ‘who had’ ‘endeared: he ‘herself ‘to the ‘community by her 


_ many kind deeds and acts of charity, and’ was beloved by all who knew her, 
; died in 1909. Besides the sons and daughters, there survives a brother, Ben: 


4 Fh 


jamin Maurice, of Mamaroneck, N. and eleven g erandchildren. _ 


a retiring and quiet disposition, never 


eed. over and sought 


- alluring, and many a a shooting trip was planned i in connection with the bu uild- 
of bridges over Western rivers. In middle’ life, fly-fishing ¢ claimed 


larger” share in his recreation, and his usual summer vacations ‘were ‘spent 
somewhere i in the wilds. of Canada, ‘accompanied by one or two of his. sons, 


where his delight and pride was to land | a ‘+ Ib. + trout with a 4-oz. rod from 


swift w water. He ro rode. until he ‘was! over years of 


cd At the time of his death, he was sa member 


member of Forestry Association, ‘the Island Club, 
the University and Union Clubs of New York 


‘Mr. Maurice was elected ed a Member of the American Society of Engi- 


4 
Ma 
— 
a 

— 

— 
{ 
q 
n 7} 
w- a 
at 
by 
a 
ew 
> 
at 
ith : 
ah- 
im. 
Cc. 
Pearl 
Am. — 
P 

wii a i 
hese quish the reins, and 

kes- yal Legion, the Phi 
fore 
aces 
ulic 
the 


OF ND “BOYD ULRICH 


Berd: Disieh. was born at Reading, ‘Pa. on September 25, 1871, 


ST 


son of Dr. Daniel and Mary (Boyd) ‘Ulrich, He received his education — 
of hig native city, and. graduated from High ‘Bebook 


s, “Immediately after his graduation, Mr. Ulrich entered the service of Willen 


H. Dechant, Civil Engineer, an after serving successively as Rodman and 


Transitman for several years, accepted a position as ransitman on a 


a construction operation in North Carolina. He then returned to > Reading and ; 
served as Instrumentman on the construction of the “Neversink Mountain 

‘Railroad, the Mohnton: and Adamstown Electric Railroad, and other local 


In 1894, Mr. Ulrich: entered the of the City of Reading, as 
‘man, attached to. the City Engineer’s Staff, and served in this capacity during 
fi the construction of the trunk line intercepting ‘storm sewer, and further “a 


practice until April 12, 1909, the date of his appointment 
to the office of City, Engineer | of ‘Reading, for a term of three years. He was 


re-appointed ‘to this office, successively i in. 1912, 1916, and 1920, serving 
tinuously for fifteen years until May 1924. Ulrich ‘then reestablished 


surveying and engineering _ Office, and in conjunction therewith served 


“He was actively affiliated with and served as of the American 


‘Tarbit (pigeon) Club. | ‘He owned select pigeons and enjoyed a National repu- 


tan 


tation as a pigeon and competent judge, thus a factor in 


Ulrich was:in ill-health for seven weeks before his death on Noveitiber 4 
20, 1925. is survived by} his wife who was Bessie Chamberlain, of Winston- 

oe Mr. Ulrich was elected an Associate Member of the American Society | of 


Civil Engineers on April 6, 1909. bas 2607 fy “eid 
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